Collection and Freezing of Rabbit Embryos and Their Subsequent Transplantto Synchronized Recipient Does. by Abilay, Juanito Pagente
Louisiana State University
LSU Digital Commons
LSU Historical Dissertations and Theses Graduate School
1976
Collection and Freezing of Rabbit Embryos and
Their Subsequent Transplantto Synchronized
Recipient Does.
Juanito Pagente Abilay
Louisiana State University and Agricultural & Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Historical Dissertations and Theses by an authorized administrator of LSU Digital Commons. For more information, please contact
gradetd@lsu.edu.
Recommended Citation
Abilay, Juanito Pagente, "Collection and Freezing of Rabbit Embryos and Their Subsequent Transplantto Synchronized Recipient
Does." (1976). LSU Historical Dissertations and Theses. 2906.
https://digitalcommons.lsu.edu/gradschool_disstheses/2906
INFORMATION TO USERS
This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original 
submitted.
The following explanation of techniques is provided to  help you understand 
markings or patterns which may appear on this reproduction.
1.The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to insure you complete continuity.
2. When an image on the film is obliterated with a large round black mark, it 
is an indication that the photographer suspected that the copy may have 
moved during exposure and thus cause a blurred image. You will find a 
good image of the page in the adjacent frame.
3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to  begin photoing at the upper 
left hand corner of a large sheet and to continue photoing from left to 
right in equal sections with a small overlap. If necessary, sectioning is 
continued again — beginning below the first row and continuing on until 
complete.
4. The majority of users indicate that the textual content is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to  the understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog number, title, author and 
specific pages you wish reproduced.
5. PLEASE NOTE: Some pages may have indistinct print. Filmed as
1 received.
Xerox University Microfilms
300 North Zeeb Road
Ann Arbor, Michigan 48106
76-25,249
ABILAY, Juanito Pagente, 1935- 
COLLECTION AND FREEZING OF RABBIT EMBRYOS 
AND THEIR SUBSEQUENT TRANSPLANT TO 
SYNCHRONIZED RECIPIENT DOES.
The Louisiana State University and Agricultural 
and Mechanical College, Ph.D., 1976 
Agriculture, animal culture
Xerox University Microfilms, Ann Arbor, Michigan 48106
COLLECTION AND FREEZING OF RABBIT EMBRYOS AND THEIR 
SUBSEQUENT TRANSPLANT TO SYNCHRONIZED 
RECIPIENT DOES
A D is s e r ta t io n
Submitted to  th e Graduate F acu lty  o f  the  
L ouisiana S ta te  U n iv e r s ity  and 
A g ricu ltu ra l and M echanical C o llege  
in  p a r t ia l  fu lf i l lm e n t  o f  the  
requirem ents fo r  th e  degree o f  
D octor o f  P hilosophy
in
The Department o f  Dairy S cien ce
by
Juanito  Pagente A bilay
B .S .A ., U n iv ers ity  o f  th e  P h ilip p in e s , 1958 
M .S ., L ou isiana S ta te  U n iv e r s ity , 1967 
May, 1976
ACKNOWLEDGMENTS
The author w ishes to  exp ress h is  s in c e r e  a p p rec ia tio n  
to  h is  major p ro fesso r  Dr. J . D. R ou ssel, fo r  h is  h e lp fu l  
su g g e s t io n s  and guidance throughout h is  graduate s tu d ie s  
and e s p e c ia l ly  in  th e p rep aration  o f  t h i s  d is s e r ta t io n .
G ra te fu l r e c o g n it io n  fo r  th e ir  a s s is ta n c e  and help  i s  
extended to  the o th er  members o f h is  advisory  committee:
Dr. J . B. Frye, J r . ,  Head o f  the Department o f  Dairy 
S c ien ce , Dr. L. L. R usoff o f  the Department o f  Dairy 
S c ie n c e , Dr. B. R. F arth in g , Head o f th e Department o f  
Experim ental S t a t i s t i c s  and Dr. A. B. W atts, Head o f  the  
Department o f  P ou ltry  S c ie n c e .
A ppreciation  i s  extended to  Mr. Louis Gomila and to  
Mr. C larence L. Alexander fo r  th e ir  a s s is ta n c e  in  th e con­
duct o f  the experim ent.
The author a ls o  w ishes to  exp ress h is  s in ce r e  
a p p r ec ia tio n  to  Dr. A. S. Achacoso fo r  the i l l u s t r a t iv e  
p ic tu r e s  in  th e  study and to  M iss Venus L. Tan and to  
Mrs. Dora Cornwell fo r  typ in g  most o f  th e d ra ft  and the  
f in a l  c o p ie s  o f the m anuscript, r e s p e c t iv e ly .
S p e c ia l a p p rec ia tio n  i s  extended to  h is  son and to  h is  
parents fo r  th e ir  p a tie n c e  and encouragements during the  
period  o f  h is  graduate s t u d ie s .
F in a lly  to  h is  w ife , A r a c e li, very s p e c ia l  r e co g n it io n  
for  assuming more than her h a lf  o f the fam ily  r e s p o n s ib i l i ­





LIST OF TABLES.......................................................................................  v l
LIST OF FIGURES........................................................................................v i i i
ABSTRACT.....................................................................................................  ix
CHAPTER
I . INTRODUCTION.....................................................................  1
A. H istory  o f  Embryo T ra n sfer .................................. 1
B. P o te n t ia l  Advantages o f  Embryo T ransfer . 3
1 . R eproductive P h ysio logy  ............................. 3
2 . G enetic  Improvement ......................................  5
C. Current Problems A sso c ia ted  With Embryo 
T ra n sfer .........................................................................  7
D. O b jectiv es  o f  th e  S t u d y ....................................  9
I I .  REVIEW OF LITERATURE.......................................................  10
A. T e c h n ic a l i t ie s  Involved in  Embryo
T ra n sfer .......................................................................... 10
1 . S u p erovu la tion ....................................................  10
a . M ice.................................................................  11
b . R a b b i t s ......................................................... 12
c . S w in e .............................................................  13
d . C a lv es .............................................................  13
e .  Cows..........................................    15
2 . F e r t i l i z a t i o n .................................................... 19
3 . Egg R ecovery......................................................... 20
a . S laughter Method......................................  21
b. S u rg ica l M eth o d ....................................... 23
c .  N onsurgical Method.................................  23
i i i
PAGE
4 . F lu sh in g , C ulture and S to ra g e .................. 26
a . F lush ing  M e d ia .......................................... 26
b. C ulture and Storage Media................... 27
5 . Storage o f  Ova or Embryos...........................  32
a • In Vivo. 32
b. In V itro  Storage Above F reezing  
Tem perature................................................... 33
c .  In V itro  Storage Below F reezing  
Temperature................................................... 35
Mechanisms Involved  in  F reezing
and Thawing...................................................  38
E f fe c t s  o f  F reezing  and Thawing
on the C e l l ...................................................  41
Kinds and Functions o f Cryogenic 
Agents . . . . .  .....................................  44
6 . S ynchron ization  o f  E s tr u s ...........................  47
7 . "Embryonation" or Embryo T ra n sfer . . . 52
Methods o f  Embryo T ransfer .......................  52
a . S u rg ica l Method................................  52
b. N onsurgical M e th o d .......................  55
B. F actors A ffe c tin g  Embryo S u rv iva l A fter
T r a n s f e r ..........................................................................  57
1 . S i t e  o f  T ransfer  .......................  57
2 . Number o f  Embryos T ra n sferred ..................  58
3 . Degree o f  E strus Synchronization  . . .  59
I I I .  MATERIALS AND METHODS.......................................................  61
A. Care o f  Experim ental A n im a ls ...........................  61
B. Experim ental D esig n ..................................................  61
C. L im ita tio n s  P laced  on th e  D a t a ....................... 62
D. P reparation  o f  B u ffe r s , C ulture and
F reezing Media ............................................................  62
1 . B u ffe r s . .  .......................................................  62
2 . O s m o la r ity ............................................................ 65




E. S u p erovu la tion , F e r t i l i z a t io n  and E strus  
S y n ch ro n iza tio n .......................................................
F. C o lle c t io n  and E valu ation  o f  Embryos
1 . S lau gh ter Method
2 . S u rg ica l Method.
G. C ulture o f  Embryos in  V itro . . ,
H. F reezing and Thawing o f  Embryos,
I .  Embryo T ra n sfer . . . . . . . . .
J . Recording and A nalyses o f  Data
RESULTS AND DISCUSSION ..............................................
A. Methods and P eriod s o f  R ecovering Embryos
B. Media Used in  the C ulture o f  Embryos in  
V itro and in  F r e e z in g .........................................
1 . In V itro  C u l t u r e ..................................... ....
2 . Embryo T ransp lants A fter  C ulture in  
V itr o ................................................................ ....
C. F reezing o f  Embryos
1 . E f f e c t s  o f  F reezing  and Thawing on 
Embryos............................................................




D. Other O bservations  



























1 . Composition and osm o la r ity  o f  b u ffers  used in
th e s tu d y ................................................................................... 64
2 . Percentage com position  o f  the media used in  the
c u ltu r e  and fr e e z in g  o f  embryos................................. 66
3 . O vulation  p o in ts , embryos recovered  and
e f f ic ie n c y  o f  recoverin g  embryos s u r g ic a lly  
24 , 48 and 96 hours a f t e r  m a t in g ............................ 80
4 . O vulation  p o in ts , embryos recovered  and
e f f ic ie n c y  o f  recover in g  embryos from
donors s la u g h tered  24 , 48 and 96 hours
a f te r  m a t in g ...............................   81
5 . Summary on recoverin g  embryos s u r g ic a lly  and
from donors s la u g h tered  24 , 48 and 96 hours 
a f te r  m a t in g ..........................................................................82
6 . Summary on recoverin g  embryos s u r g ic a l ly  and
from donors a f te r  s la u g h te r ..........................................84
7 . A n a lysis  o f  variance on o v u la tio n  p o in ts  o f
donors between methods and among recovery  
p e r io d s ....................................................................................... 85
8 . A n a lysis  o f  variance on embryos recovered  from
donors between methods and among recovery  
p e r io d s ....................................................................................... 85
9 . Cleavage o f tw o -c e ll  embryos a f t e r  5-hour in
v it r o  cu ltu r e  in  p h y s io lo g ic  sa lin e-seru m  
(PS-S) and p hosphate-buffered  sa lin e-seru m  
(PBS-S) m edia..........................................................................87
10. Summary o f r e s u lt s  on c u ltu r e  o f tw o -c e l l  embryos
in  v it r o  in  p h y s io lo g ic  sa lin e-seru m  and 
phosphate-buffered  sa lin e -se r u m ................................ 88
11. R esu lts  on tra n sp la n ts  o f  embryos a f t e r  cu ltu r e
in  v it r o  in  p h y s io lo g ic  sa lin e-seru m  and 
p hosphate-buffered  sa lin e -se r u m ................................ 90
12. T ransplants o f  embryos recovered  s u r g ic a l ly  or
from donors sla u g h tered  24 hours a f t e r  
mating and frozen  in  p h y s io lo g ic  s a l in e -  
serum (PB-S) or p hosp h ate-b uffered  s a l in e -  
serum (PBS-S) w ith or w ithout 5% g ly c e r o l  
or D M SO .................................................................................. 93
v i
TABLE PAGE
13. T ransplants o f  embryos recovered  s u r g ic a l ly  or
from donors s la u g h tered  48 hours a f te r  
mating and frozen  In p h y s io lo g ic  s a l in e -  
serum (PS-S) or p hosphate-buffered  s a l in e -  
serum (PBS-S) w ith  or w ithout 5% g ly c e r o l  
or DMSO........................................................................................96
14. T ransplants o f embryos recovered  s u r g ic a l ly  from
donors s lau gh tered  96 hours a f te r  mating
and frozen  in  p h y s io lo g ic  sa lin e-seru m
(PS-S) or p hosphate-buffered  sa lin e-seru m





1 . Volum etric f la s k s  co n ta in in g  "A" and "B"
p o rtio n s o f  th e media used in  the fr e e z in g  
o f  embryos........................................................................... 67
2 . Subcutaneous in je c t io n  o f  PUS fo r  more
f o l l i c u la r  development in  the donors. . . .  69
3 . In je c t io n  o f  HOG through the m arginal ear vein
to  su perovu late  egg donors...................................... 69
4 . Em bryological watch g la s s e s  used in  c o l le c t in g
embryos flu sh ed  from th e ov id uct or u teru s  
o f  d o n o r s ...................................................................  71
5 . E valuating  and counting embryos recovered  under
th e s t e r e o s c o p e ...................................................... 72
6 . R eproductive tr a c t  o f  donor exposed p r io r  to
f lu sh in g  o f  the e m b r y o s ...................................  73
7 . Rack o f polypropylene tu b es , la b e le d  and
con ta in in g  one ml o f  the "A" and "B"
p o rtio n s o f th e m e d ia ..................................... ....  . 76
8 . Some o ffsp r in g  o f  embryo tr a n sp la n ts  a f te r
5-hour in  v it r o  cu ltu r e  o f  tw o -c e ll  embryos 
w ithout fr e e z in g  and th e ir  fo ster-m oth er  
(w hite doe a t th e m i d d l e ) ............................... 91
9 . Some o ffsp r in g  o f frozen  embryo tra n sp la n ts  w ith
th e ir  fo ster-m o th er  (w hite doe at the
m idd le) ........................................................................ 94
v i i i
ABSTRACT
One hundred twenty fem ales and 10 m ales, m ostly  o f  
th e Mew Zealand White and D utch-B elted  breeds o f  ra b b its  
were used in  the stu d y . Two methods o f recover in g  embryos 
( s u r g ic a l and s la u g h te r ) , th ree  p eriod s o f  recovery (24 ,
48 and 96 hours a f te r  m a tin g ), two media (p h y s io lo g ic  
sa lin e -seru m , (PS-S) and p hosphate-buffered  sa lin e -seru m , 
(PBS-S)) and th ree  cryogen ic  agen ts (no cr y o g en ic , g ly c e r o l  
and dim ethyl s u lfo x id e )  were th e treatm en ts in v o lv ed .
Donors in  th e s u r g ic a l method o f  recoverin g  embryos 
had an average o f  1 5 .7  o v u la tio n  p o in ts , w h ile  those in  the  
s la u g h ter  method had 1 5 .9 . D ifferen ce  in  the average number 
o f  o v u la tio n  p o in ts  o f  donors between methods was not s ig n i ­
f ic a n t .  However, th ere  was a h ig h ly  s ig n if ic a n t  (P ^ O .O l)  
d iffe r e n c e  between methods in  th e average number o f  embryos 
recovered . Donors in  the s u r g ic a l method had an average  
o f  1 1 .0  embryos recovered , compared to  1 4 .9  in  the s la u g h ter  
method.
Average number o f embryos recovered  24 , 48 and 96 hours 
a f te r  mating d id  not d i f f e r  s ig n i f ic a n t ly  w ith in  methods o f  
reco v ery , but th e d iffe r e n c e  between methods was h igh ly  
s ig n if ic a n t  (P < 0 .0 1 )  in  favor o f  the s la u g h te r  method. 
In te r a c tio n  between methods and p eriod s o f  recovery was 
a ls o  s ig n if ic a n t  ( P < 0 .0 5 ) .
T w o-cell embryos recovered  e i th e r  s u r g ic a l ly  or from 
donors a f te r  s la u g h te r , c leaved  fu rth er  when cu ltu red  in
ix
v it r o  In p h y s io lo g ic  sa lin e -seru m  and phosp h ate-b uffered  
sa lin e -seru m  m edia. Cleavage r a te  o f  embryos cu ltu red  in  
th e two media d id  not d i f f e r  s ig n i f i c a n t ly .  Both tr a n s ­
p la n ts  o f  embryos cu ltu red  in  v it r o  in  PS-S and PBS-S 
produced o f fs p r in g .
Three o f  36 r e c ip ie n t s  o f  24-hour o ld  embryos recovered  
by s u r g ic a l  and s la u g h te r  methods and frozen  in  PS-S and 
PBS-S w ith  each o f  th e th ree  cryogen ic  treatm en ts gave b ir th  
to  a t o t a l  o f  e ig h t  o f f s p r in g . F ive o f  them were from tr a n s ­
p la n ts  o f embryos recovered  s u r g ic a l ly  and frozen  in  PS-S-G 
and th e  other th ree  from th ose  frozen  in  PBS-S-G. One o f  
36 r e c ip ie n ts  o f 48-hour o ld  embryos frozen  in  12 d if fe r e n t  
recovery m ethod-m edla-cryogenic treatm ent com binations pro­
duced two o f fs p r in g . Each o f  them was from tra n sp la n t o f  
frozen  embryos in  the su rg ica l-P S -S -G  and PBS-S-G treatm ent 
com binations, su g g estin g  th e p o s s i b i l i t y  th a t e i th e r  PS-S 
or PBS-S w ith  f iv e  per cen t g ly c e r o l may be used as medium 
fo r  fr e e z in g  and p reserv a tio n  o f embryos in  th e frozen  




A. H istory  o f  Embryo T ransfer
Embryo tr a n sp la n ta tio n , a tech n iqu e where f e r t i l i z e d  
eg g s or embryos are c o l le c t e d  from a donor and tr a n sfe r r ed  
to  a r e c ip ie n t ,  i s  a p o te n t ia l  t o o l  fo r  research  both in  
rep rod u ctive p h y sio lo g y  and in  g e n e t ic  improvement o f  l i v e ­
s to c k . The techn ique was f i r s t  performed in  ra b b its  by 
Heape (1 2 6 ,1 2 7 ) in  th e  1890s. S ince th en , u n t i l  th e  e a r ly  
1940s, a number s tu d ie s  on to p ic s  r e la te d  to  ova or embryo 
tr a n sp la n ta tio n  had been conducted m ostly  w ith  th e use o f  
lab oratory  anim als (1 2 8 ,1 5 2 ,1 5 3 ,1 9 9 ,2 0 0 ,2 0 1 ,2 5 3 ).
! In th e la t e  1940s, when a r t i f i c a l  in sem in ation  be­
came s u f f i c i e n t l y  e s ta b lis h e d , more in v e s t ig a t io n s  u sing  
both lab oratory  anim als (5 2 ,5 3 ,5 4 ,5 5 ,5 6 ,1 1 8 ,2 2 4 )  and farm 
anim als (7 8 ,2 0 4 ,2 4 9 ) were again  e x te n s iv e ly  conducted on 
th e  su b je c t  o f  embryo tr a n s fe r . In 1949, Warwick and Berry 
(254) f i r s t  produced a l iv in g  o ffsp r in g  in  farm anim als by 
embryo tr a n sp la n ta tio n  u sin g  sheep and g o a ts . The f i r s t  
su c c e s s fu l embryo tra n sp la n t in  c a t t l e  was reported  by 
W ille t  and co-w orkers (267) in  1951. The same authors (270) 
a ls o  rev ea led  th ree  more r e s u lt s  o f s u c c e s s fu l embryo tr a n s­
fe r  in  1953.
The f i r s t  embryo tra n sp la n ts  in  sheep and in  c a t t l e  
were accom plished through th e  use o f  s u r g ic a l o p era tio n s .
1
2N onsurgical tr a n s fe r  o f bovine ova was f i r s t  attem pted by 
Dzluk and P etersen  (81) w ithout su cc ess  in  1954. Hafez 
and Sugie (106) p resen ted  an experim ental approach fo r  
n on su rgica l ova tr a n s fe r , and Mutter and a s s o c ia te s  (182) 
were th e f i r s t  to  report on a s u c c e s s fu l n on su rg ica l tr a n s­
fe r  o f  bovine embryo in  1964. Soon th e r e a f te r ,  Sugie (241) 
and Rowson and Moor (208) a ls o  pub lished  t h e ir  r e s u l t s  on 
s u c c e s s fu l n onsu rgica l tr a n s fe r  o f  bovine e g g s . S tu d ies  on 
n onsu rgica l tra n sp la n t o f  embryos were a ls o  reported  by 
se v e r a l o th er  workers (1 6 0 ,1 8 6 ,1 8 7 ,2 0 6 ,2 4 1 ,2 4 2 ,2 5 1 ).
In the 1960s, most o f th e research  on embryo tr a n s ­
p la n ta tio n  were concerned w ith  in  v it r o  cu ltu r e  o f embryos 
and s tu d ie s  on cu ltu r e  and p reserv a tio n  m edia. The r e s u l t s  
o f  most o f  th ese  s tu d ie s  have been review ed e x te n s iv e ly  by 
Dickmann (7 4 ) , Foote and Onuma (9 4 ) , Hafez (117) and 
V i l l e t  (2 7 2 ), In recen t y e a r s , research  em phasis has been 
con centrated  more on the p reserv a tio n  o f embryos at low  
tem peratures fo r  long-term  sto ra g e  (1 5 ,1 6 ,1 7 ,6 8 ,1 5 0 ,1 7 9 ,  
2 0 3 ,2 7 3 ,2 7 4 ,2 7 5 ) .
At the p resen t tim e, embryo tr a n s fe r  in  c a t t l e  has 
s u f f i c i e n t ly  developed and i s  in c r e a s in g ly  being ap p lied  
as a p o te n t ia l  to o l  in  l iv e s to c k  improvement. In the p ast 
th ree  years at l e a s t  e ig h t  commercial embryo tra n sp la n t  
firm s have been e s ta b lish e d  in  the United S ta te s  and in  
Canada (1 7 5 ,1 8 5 ). Sturm (239) reported  th a t embryo tra n s­
p lan t became a part o f th e  c a t t l e  b u sin ess  in  Canada s in c e
1971, and i s  s t e a d i ly  c r ea tin g  a new m arketable product fo r  
the Canadian c a t t l e  in d u stry . More embryo tra n sp la n t  
ce n ter s  are a lso  in  op eration  in  A u str a lia  (2 7 ,8 6 ) , England 
(3 8 ) , Japan (2 4 1 ), and New Zealand (1 8 0 ).
I t  i s  now ev id en t th a t the fu ture o f  embryo tr a n s ­
p la n ta t io n  to  be e x te n s iv e ly  ap p lied  in  l iv e s to c k  improve­
ment i s  b r ig h t . But, s in c e  i t  i s  a newly developed technique, 
th ere  i s  a r e a l  need to  c a r e fu l ly  co n sid er  a number o f  
fa c to r s  b efore embryo tr a n s fe r  can be w idely  p r a c t ic e d . The 
b e n e f its  th a t may be d erived  from th e techn ique must be 
r e a l i s t i c a l l y  dem onstrated to  the l iv e s to c k  producers and 
c le a r ly  understood.
B. P o te n t ia l  Advantages o f Embryo T ransfer
1 . R eproductive P hysio logy
As a research  t o o l  in  reprodu ctive p h y sio lo g y , 
embryo tr a n s fe r  i s  u se fu l in  s tu d ie s  on th e  requirem ents 
fo r  optimum f e r t i l i t y  and normal development o f embryos.
For in s ta n c e , through embryo tr a n sp la n t , A ustin  (18) found 
th a t fo r  s u r v ia l , th e endocrine s ta tu s  o f th e  r e c ip ie n t  
must be appropriate fo r  th e s ta g e  o f  th e  embryo tr a n sfe r r e d .  
In a s e r ie s  o f  papers, Adams ( 3 ,4 ,7 ,1 1 )  reported  th a t rab b it  
eggs cannot develop  beyond the e a r ly  b la s to c y s t  s ta g e  in  
the o v id u c t, ir r e s p e c t iv e  o f  the h o s t 's  endocrine s t a tu s .  
A lso , he found th a t up to  the s ta g e  o f  b la s to c y s t  form ation , 
th e number o f  corpora lu te a  p resen t in  th e r e c ip ie n t 's
4o v a r ie s  i s  not d ir e c t ly  r e la te d  to  b la s to c y s t  s i z e  and a 
minimum o f  f i v e  b la s to c y s ts  per horn has th e  b est chance 
fo r  s u r v iv a l .  Crowding d ecreases th e  l ik e l ih o o d  fo r  the  
embryos to  su r v iv e , w ith  seven  percent o f them dying sh o r t ly  
a f te r  im p la n ta tio n . A fter  r e c ip r o c a l tra n sp la n ta tio n  o f  
eg g s , Chang (64) found th a t f e r r e t  eggs su rv ived  and de­
veloped  in  th e rab b it o v id u c t, but not in  th e u te ru s .
Rabbit eggs on th e con trary , d id  not su rv iv e  in  e i th e r  the  
fe r r e t  ov id uct or u te r u s .
The oth er important a p p lic a t io n  o f embryo tr a n s fe r  
in  reprodu ctive p h y sio lo g y  i s  in  s tu d ie s  on the e f f e c t s  of 
variou s s t r e s s e s  on in i t i a t i o n  and co n tin u a tio n  o f  pregnancy. 
By means o f embryo tr a n s fe r , A l l is to n  e t  a l .  (1 3 ,1 4 ) demon­
s tr a te d  th a t e a r ly  pregnancy lo s s e s  in  ra b b its  and in  sheep  
were lower a t ambient tem perature o f  70 than 90 F. Shah 
(219) concluded th a t high tem perature in te rr u p ts  normal 
pregnancy in  r a b b its  by a c tin g  ad v erse ly  on the m aternal 
t i s s u e s ,  ra th er than d ir e c t ly  on th e embryos th em se lv es .
In recen t y ea rs , embryo tr a n s fe r  has a ls o  been e x te n s iv e ly  
employed in  s tu d ie s  on s to ra g e  media, cryogen ic agents and 
the e f f e c t s  o f  low tem perature on su r v iv a l o f  embryos (15 , 
1 6 ,1 5 0 ,2 0 3 ,2 6 1 , 2 6 2 ,2 6 5 ,2 6 6 ,2 7 4 ,2 7 5 ) . Using f lu o r e sc e n t  
d yes, mixed e g g -tr a n s fe r  i s  a ls o  now being stu d ied  fo r  
f e r t i l i z a t i o n  assay  (1 9 3 ).
2 . G enetic  Improvement
The most prom ising use o f  embryo tr a n s fe r  i s  in  th e  
f i e l d  o f  g e n e t ic  improvement o f l iv e s t o c k .  Erickson (67) 
found th a t fem ale c a t t l e  have an average o f 133,000 primor­
d ia l  f o l l i c l e s  a t b ir th , however, through n atu ra l p regn an cies, 
a cow on the average produces on ly  th ree  to  four c a lv e s  in  
her l i f e t im e .  In c o n tr a s t , w ith  su p ero v u la tio n , f iv e  to  
te n  f e r t i l i z e d  eggs may be recovered  per donor (2 3 9 ). A 
donor can be superovu lated  two to  th ree  tim es and she may 
be bred to  carry on a normal pregnancy a f te r  su p ero v u la tio n . 
Through embryo tr a n sp la n ta tio n , 20 to  30 c a lv e s  may be pro­
duced before a cow f in a l ly  le a v e s  the herd. S ince donors 
are u su a lly  h ig h ly  s e le c te d , embryo tr a n s fe r  consequently  
maximizes the use o f  g e n e t ic a l ly  su p er io r  fem ales and makes 
i t  more f e a s ib le  to  progeny t e s t  both th e s ir e  and th e dam.
Another p o te n t ia l  advantage o f embryo tr a n s fe r  i s  
the red u ction  o f  gen era tio n  in te r v a l .  Superovulation  and 
recovery  o f ova from immature fem ales and then  tra n sp la n t­
ing them to  a more s u ita b le  r e c ip ie n t  sh orten s gen era tion  
in te r v a l .  In r a b b its , Adams (1 ) showed th a t th e dam -off- 
sp rin g  in te r v a l was reduced to  120 days and three genera­
t io n s  were produced per year by recover in g  eggs from im­
mature fem ales and tra n sp la n tin g  them to  mature r e c ip ie n t s .  
G eneration in te r v a l may a ls o  be reduced through embryo 
tr a n s fe r  in  c a t t l e .
Harden (158) found th a t a t b ir th , f o l l i c u l a r  antra  
are a lready p resen t In th e o v a r ie s  o f  c a lv e s  and are capable  
o f  responding to  gonadotrophic I n je c t io n . S im ila r ly , Howe 
e t  a l . (129) reported  th a t f o l l i c u l a r  growth fo llow ed  by 
a tr e s ia  occurs In c a lv e s  as e a r ly  as one month o f  age. Ova 
recovered  from prepuberal h e ife r s  are f u l ly  capable o f  f e r ­
t i l i z a t i o n  and normal development (1 3 5 ,1 5 8 ,1 9 0 ,1 9 2 ,2 1 8 ).
The oth er  b e n e f it  th a t may be d erived  from the  
p r a c tic e  o f  embryo tr a n sp la n ta tio n  i s  th e shipment o f  embryos 
with s e le c te d  g e n e t ic  ch aracter  to  d is ta n t  p la c e s . Harden 
and Chang (157) f i r s t  reported  on a e r ia l  tran sp ort o f  mam­
m alian ova fo r  tra n sp la n ta tio n  in  1952. Later Chang and 
Harden (61) dem onstrated th a t ova from d if fe r e n t  s tr a in s  o f  
ra b b its  from th e U nited S ta te s  developed norm ally when tr a n s ­
ported  and tran sp lan ted  to  r e c ip ie n t s  in  England. L ik ew ise , 
Hunter and a s s o c ia te s  (132) reported  th a t f e r t i l i z e d  sheep  
ova transported  by a ir  from England to  A fr ica  in  the o v i­
ducts o f th ree  r a b b its , produced normal young a f t e r  tr a n s ­
f e r  to  r e c ip ie n t  ew es. S u c c ess fu l lo n g -d is ta n c e  a e r ia l  
tra n sp o r ta tio n  o f  f e r t i l i z e d  eggs has a ls o  been reported  
by a number o f  o th er  workers (1 4 8 ,1 4 9 ,2 6 3 ).
Embryo tr a n s fe r  o f f e r s  a f a s t e r  way o f producing 
g e n e t ic a l ly  improved l iv e s to c k  than the con ven tion a l up­
grading program. However, th ere  are s t i l l  many problems 
to  be so lv ed  before embryo tr a n s fe r  may equal th e p r a c t i­
c a l i t y  and a p p l ic a b i l i t y  o f a r t i f i c i a l  in sem in ation  as a 
to o l  fo r  l iv e s to c k  improvement.
7C. Current Problems A sso c ia ted  w ith  Embryo T ransfer
Research on th e  techn ique o f  embryo tra n sp la n t  
has been conducted fo r  se v e r a l years and many o f the tech n ­
ic a l  problems a sso c ia te d  w ith  I t  have been r e so lv e d . How­
e v e r , more s tu d ie s  are s t i l l  needed to  a ch iev e  refin em en ts  
in  some Important a sp ec ts  o f  th e tech n iq u e . There i s  a 
need fo r  research  on th e kind and dose l e v e l s  o f  hormones 
to  use in  order to  a t ta in  c o n s is te n t  r e s u l t s  in  su perovu la-  
t lo n .  Rowson (209) found th a t response to  hormones fo r  super­
o v u la tio n  v a ried  not on ly  w ith in  and between c a t t l e  b reeds, 
but a ls o  between kind and batches o f  the d if f e r e n t  commercial 
hormones. L ik ew ise , more b a s ic  resea rch  i s  needed to  de­
velop  s a t is f a c t o r y  media fo r  long-term  p reserv a tio n  o f  
embryos.
P r a c t ic a l a p p lic a t io n  o f  embryo tr a n s fe r  should  a lso  
g iv e  impetus to  research  in to  such im portant r e la te d  a sp ec ts  
as in  v it r o  f e r t i l i z a t i o n ,  proper tim e to  recover f e r t i l i z e d  
e g g s , n on su rg ica l recovery  and tr a n sp la n ta tio n , and e s tr o u s  
sy n ch ro n iza tio n . Embryo tr a n sp la n ta tio n  today i s  c o s t ly  
because o f the s u r g ic a l  involvem ent as w e ll as the n ece s­
s i t y  o f  m aintain ing a la rg e  herd to  in su re enough n a tu ra lly  
synchronized  r e c ip ie n t s  (3 8 ) . The f i e l d  o f  embryo tr a n s­
p la n ta t io n  w i l l  become o f r e a l va lu e to  ca ttlem en  i f  the  
p r ic e  o f  perform ing i t  i s  ad ju sted  a cco rd in g ly . This may be 
accom plished through n on su rg ica l recovery  and tra n sp la n ta ­
t io n  o f  embryos and e s tr o u s  sy n c h ro n iza tio n . N onsurgical
recovery  and tr a n s fe r  o f  embryos are p r e r e q u is ite s  for  
p r a c t ic a l  a p p lic a t io n  o f  embryo tr a n sp la n ta tio n  in  farm 
an im als.
At p r e s e n t , embryos recovered  from a donor must be 
tra n sferred  to  r e c ip ie n ts  w ith in  a sh o rt t im e . Another 
major key to  su cc ess  in  embryo tr a n sp la n ta tio n  i s  the  
sto ra g e  o f  embryos in  th e frozen  s t a t e .  Hale germ c e l l s  
o f  sane mammalian s p e c ie s  have been s u c c e s s fu l ly  c o l le c t e d ,  
processed  and sto red  in  the frozen  s t a t e . The technique  
o f c o l le c t in g ,  p ro cessin g  and fr e e z in g  o f  bovine semen has 
been p erfec ted  and methods o f  fr e e z in g  semen o f  s t a l l i o n ,  
boars and ra b b its  are alm ost r e f in e d . However, s tu d ie s  on 
the c o l le c t io n ,  p rocessin g  and fr e e z in g  o f  mammalian eggs  
or embryos are extrem ely lim ite d  and th e fa v o ra b le  r e s u l t s  
reported  in  a few c a se s  have not been h igh ly  rep ea ta b le  
(9 1 ,9 2 ,1 5 0 ,2 0 3 ,2 6 1 ,2 6 2 ,2 6 6 ,2 7 3 ).
Because o f the large expense in vo lved  in  using  
la rg e  an im als, s tu d ie s  designed  to  r e f in e  th e techn ique  
o f  c o l le c t in g ,  p ro cess in g , fr e e z in g  and tr a n s fe r r in g  o f  
frozen  embryos have to  be conducted w ith  the use o f  la b ­
oratory  an im als. The gen era l p r in c ip le s  fo llow ed  in  the  
tr a n s fe r  o f  embryos are the same fo r  a l l  s p e c ie s ,  so th a t  
fa m il ia r i ty  w ith i t  in  lab oratory  anim als p rov id es a b a s is  
fo r  using them in  la rg e  an im als.
9D. O b jectiv es  o f th e Study
In view o f  the lack  o f  in form ation  in  th e l i t e r a ­
tu r e s  on th e  e f f ic ie n c y  o f  the d if f e r e n t  methods o f c o l l e c t ­
ing embryos, the proper s ta g e  to  c o l l e c t  them, appropriate  
media fo r  p reserv in g  embryos in  th e frozen  s t a t e  and the  
in c o n s is te n c ie s  o f  the favorab le  r e s u l t s  from a lim ite d  
number o f s t u d ie s ,  t h is  research  was conducted w ith  th e  
fo llo w in g  o b je c t iv e s :
1 . To compare the e f f ic ie n c y  o f  recover in g  embryos 
by su r g ic a l method and from donors a f t e r  s la u g h te r .
2 . To determ ine th e  proper s ta g e  at which embryos 
in tended  fo r  fr ee z in g  and tr a n s fe r  must be c o l le c t e d .
3 . To compare the e f f ic ie n c y  o f  p h y s io lo g ic  s a l in e  
and horse serum and p hosphate-buffered  s a l in e  and serum in  
p reserv in g  the v ia b i l i t y  o f  f e r t i l i z e d  ova in  v itr o  c u ltu r e  
and in  th e frozen  s t a t e .
4 . To compare the e f f ic ie n c y  o f  g ly c e r o l and dim ethyl 
s u lfo x id e  in  p reventin g  the e f f e c t s  o f  rapid  fr e e z in g  on the  
su r v iv a l o f embryos.
CHAPTER II
REVIEW OF LITERATURE
A. T e c h n ic a li t ie s  Involved in  Embryo T ransfer
Embryo tr a n sp la n ta tio n  i s  a complex techn ique and 
each s te p  in  the t o t a l  o p era tio n  in c lu d es  fa c to r s  th a t can 
in crea se  or d ecrease the chances o f s u c c e s s . A thorough  
understanding o f  the reprodu ctive p h ysio logy  and th e pro­
cedures in vo lved  i s  one o f  the r e q u is i t e s  fo r  su cc ess  in  
embryo tr a n s fe r .
1 . Superovulation
The u ltim a te  purpose o f su p erovu la tion  u su a lly  i s  
to  in crea se  the number o f ova th a t may be o v u la ted , f e r ­
t i l i z e d  and e v e n tu a lly  recovered  as embryos from each donor. 
B asic  p r in c ip le  i s  to  s t im u la te  e x te n s iv e  f o l l i c u l a r  develop­
ment through in tram uscular or subcutaneous a d m in istra tion  
o f  f o l l i c l e  priming hormones a t doses above th e  normal 
l e v e l s .  A v a r ie ty  o f  hormones can be used to  prime f o l l ­
i c l e s  fo r  su p erovu la tion  (9 9 ) .
Horse, sheep and sw ine p itu ita r y  e x tr a c ts  and pure 
f o l l i c l e  s t im u la t in g  hormone (FSH) have been employed q u ite  
e x te n s iv e ly .  However, pure FSH p rep aration s have th e d i s ­
advantage o f  a sh o rt h a l f - l i f e ,  thereby req u ir in g  from two 
to  four in je c t io n s  i f  the m aturation o f a maximum number 
o f  f o l l i c l e s  i s  d e s ir e d . Furthermore, FSH n e c e s s ita t e s  
th e a d d itio n  o f a t le a s t  5 per cen t lu te in iz in g  hormone
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(LH) fo r  optim al stim u la to ry  e f f e c t .  Thus fa r , pregnant 
mare serum (PUS) I s  the most e f f e c t iv e  FSH-type prepara­
t io n  fo r  priming f o l l i c l e s  fo r  su p ero v u la tio n . Only one 
in je c t io n  o f  PMS i s  needed to  m aintain  a proper stim u la ­
t io n  o f  f o l l i c l e s  up to  th e tim e o f  o v u la tio n .
A fter  priming th e f o l l i c l e s , ovu la tory  hormone i s  
requ ired  fo r  th e rupture o f the mature G raafian f o l l i c l e s .  
The ovu la tory  hormone should  g et in to  c ir c u la t io n  r a p id ly , 
th u s , i t  should  be in je c te d  e i th e r  in tr a p e r lto n e a lly  or 
in tr a v en o u s ly . Any one o f  th e variou s p rep aration s th a t  
are high in  LH con ten t may be u t i l i z e d .  At p resen t, human 
ch o r io n ic  gonadotrophin (HCG) i s  commonly used because i t  
i s  r e a d ily  a v a ila b le .  Superovulation  w ith  the use o f  FSH- 
and LH-type p rep aration s has been p ra c tic ed  in  both la b ­
oratory  and farm anim als w ith  varying degrees o f  su c c e s s .
a . M ice. B r in ster  (4 1 ,4 2 ) obtained  su p erovu la tion  
in  mice by in tr a p e r ito n e a l in je c t io n  o f  10 In tern a tio n a l  
U nits (IU) o f  PMS fo llow ed  44 to  48 hours la t e r  by admini­
s t r a t io n  o f  10 IU o f  HCG. S im ila r ly , Neal and Baker (184) 
and Whittingham (259) were ab le  to  su perovu late mice by 
in tr a p e r ito n e a l in je c t io n s  o f  5 IU o f  PMS and 5 IU o f  HCG 
g iv en  48 hours a p a rt. Other in v e s t ig a to r s  (9 5 ,9 9 ) , l ik e ­
w ise obtained  su p ero v u la tio n  in  mice by in tr a p e r ito n e a l  
in je c t io n s  o f  5 to  10 IU o f  PMS and HCG. O vulation occurs  
11 to  14 hours a f t e r  in je c t io n  o f HCG (4 1 ,4 2 ,8 5 ,2 5 9 ) .
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b. R a b b its . The most commonly used method o f  
su p ero v u la tio n  In ra b b its  i s  th e techn ique o f  P incus (2 0 1 ). 
In g e n e r a l, does are g iv en  a s e r ie s  o f priming in je c t io n s  
c o n s is t in g  o f a t o t a l  o f  6 to  12 mg o f  horse a n te r io r  
p itu ita r y  e x tr a c t s .  Approximately 12 hours a f te r  th e  la s t  
priming in j e c t io n ,  th e does are mated and Immediately a f t e r ­
wards in je c te d  in tra v en o u sly  w ith  a s in g le  does o f  25 IU 
o f  LH. T h irty  to  f i f t y  f e r t i l e  eggs may be recovered  from 
each donor when t h i s  method i s  u sed . Many workers (2 ,2 9 ,  
6 5 ,9 3 ) have used the above tech n iq u e.
S evera l o th er in v e s t ig a to r s  (145 ,250) have t r ie d  
to  develop  new methods o f  su p erovu la tin g  r a b b its . The most 
w id ely  used i s  the procedure recommended by Hafez (1 0 4 ,1 0 7 , 
1 1 4 ,1 1 5 ). In t h i s  method 150 IU o f PMS are in je c te d  sub- 
cu taneously  in  th ree  equal doses on th ree  s u c c e s s iv e  days 
fo llow ed  on th e fou rth  day by in travenous in je c t io n  o f  50 
IU o f  HCG. The donors are mated to  f e r t i l e  bucks soon a f te r  
the in je c t io n  o f  HCG. R abbits o v u la te  10 to  13 hours a f te r  
in je c t io n  o f  HCG or LH (1 2 2 ,1 2 4 ,1 2 8 ,2 5 3 ). Fujim oto e t  a l .  
(96) found th a t 100 IU o f  HCG, whether used in  a super­
o v u la tio n  regimen or s o le ly  as an ovu la tory  s t im u lu s , 
cause a g re a te r  o v u la tio n  ra te  than does a mating s t im u lu s . 
O vulations occur in  e s tr o u s  does i f  they  are rep ea ted ly  
mounted by o th er does in  the cage (2 3 5 ). For t h i s  reason , 
they must be kept s in g ly  in  a sep ara te  cage under which 
co n d itio n  spontaneous o v u la tio n s  r a r e ly  occur (1 9 4 ).
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c .  Swine. In sw in e, Hunter (133) reported  th a t  
g i l t s  can be induced to  su p erovu la te  by intram uscular in ­
j e c t io n  o f  1 ,500  IU o f  PUS on th e 15th day o f  th e e s tr o u s  
c y c le .  O vulation  occurred 40 hours a f t e r  Intram uscular  
in je c t io n  o f  500 IU o f  HOG. Dziuk and Baker (83) found 
sheep ovu la ted  25 hours a f t e r  in je c t io n  o f  250 IU o f  HCG.
d . C a lv es . The o v a r ie s  o f  c a lv e s  are good poten­
t i a l  sou rces o f  a la rg e  number o f  e g g s . Erickson (87) 
found th a t at b ir th , th e  o v a r ie s  o f  c a lv e s  co n ta in  as many
as 700,000 prim ord ial f o l l i c l e s  and growing f o l l i c l e s  ra p id ly  
in crea se  in  number between 50 to  60 days o f a g e . A lso , 
f o l l i c u l a r  antra have been found in  o v a r ie s  o f c a lv e s  at 
b ir th  and are capable o f  responding to  gonadotrophic stim u­
la t io n  a t the age o f  one week (1 5 8 ). Hafez (117) reported  
immature anim als can be su perovu lated  as soon as antra  
develop  w ith in  th e ovarian  f o l l i c l e s .
A number o f  s tu d ie s  on su p ero v u la tio n  in  c a lv e s  have 
been conducted w ith  th e use o f  d if f e r e n t  FSH- and LH- type  
o f  p rep aration s (3 6 ,8 4 ,1 2 9 ,1 5 8 ) . R esu lts  in d ic a te  th e most 
s u c c e s s fu l hormone treatm ent i s  intram uscular in je c t io n s  
o f 1 ,500  to  2 ,000  IU o f PMS fo llo w ed  by in travenous doses  
o f  1 ,500  to  2 ,500  IU o f HCG four to  s ix  days la t e r  (135 , 
1 9 2 ,2 1 8 ).
Dziuk e t  a l .  (82) and Onuma and co-w orkers (189) 
reported  th a t f o l l i c l e s  stim u la ted  to  develop  w ith  FSH are  
d i f f i c u l t  to  ru p tu re . The apparent s u p e r io r ity  o f PMS
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over FSH may r e s u lt  from a more fa v o ra b le  balance o f  FSH 
and LH a c t iv i t y  in  PUS or due to  i t s  lon ger b io lo g ic a l  
h a l f - l i f e  (9 4 ) . Pretreatm ent w ith  p rogesteron e d id  not 
enhance o v u la tio n  in  th e c a l f ,  a lthough in  e a r l i e r  r e p o r ts ,  
p r io r  lu t e a l  a c t iv i t y  appeared to  do so  (1 6 ,5 1 ,1 9 2 ,2 0 5 ) .  
P rogesterone depressed  f e r t i l i t y  and hastened egg tr a n s ­
p o rt. L ik ew ise , treatm ent w ith  e s t r a d io l  suppressed  f o l l i ­
cu la r  growth and decreased  o v u la tio n  ra te  (1 9 2 ). This i s  
o p p o site  t o  th e  e f f e c t  found in  cows (1 1 1 ).
Eggs ob ta in ed  from c a lv e s  are fu n c t io n a lly  equ iva­
le n t  t o  th o se  from a d u lts  (117) and are capable o f  f e r t i l i ­
z a t io n  (1 5 8 ). One o f th e  problems in  su p erovu la tion  o f  
c a lv e s  i s  the low recovery  r a te .  Onuma and a s s o c ia te s  
(192) found th a t o v u la tio n  ra te  in  c a lv e s  can be as high  
as 80 per c e n t , but egg recovery  i s  on ly  about 25 to  30 
per cen t (1 3 5 ,1 5 8 ,2 1 8 ). T his cou ld  be due to  the in f a n t i le  
s t a te  o f th e rep rod u ctive  t r a c t . The fim b ria  and a sso c ia te d  
pickup mechanisms fo r  ova seem to  be unable to  c o l l e c t  ova 
from th e en larged  ovary .
Low f e r t i l i t y  has a ls o  been found in  c a lv e s .
Harden (158) a t tr ib u te d  t h i s  to  the d i f f i c u l t y  in  in sem in at­
ing in to  th e u teru s and poor sperm tra n sp o r t, ra th er  than  
fa u lty  m aturation o f  th e  ova.
Howe and Black (129) found m o tile  sperm in  the  
o v id u cts  o f  c a lv e s  13 m inutes a f t e r  v a g in a l in sem in a tio n . 
Onuma e t  a l .  (189) obtained  h igher f e r t i l i t y  when sperm
c e l l s  were d ep o sited  through the ce r v ix  o f c a lv e s  w ith  th e  
a id  o f c e r v ic a l  forcep s and a d u c k -b ill  type o f  speculum  
in stea d  o f  in  th e vag in a . Avery and Graham (23) obtained  
h igher f e r t i l i z a t i o n  r a te s  in  c a lv e s  o ld  enough to  a llow  
use o f  th e r e c ta l  method o f  in sem in ation  than in  younger 
c a lv e s .  The p rop ortion  o f  c leaved  eggs was s ig n i f ic a n t ly  
in creased  from 33 per cen t fo r  frozen  semen to  72 per cen t  
by th e  use o f l iq u id  semen. F ruther, Onuma and co-workers 
(192) found th a t in sem in ation  th ree  tim es over a 48-hour 
p eriod  fo llo w in g  lu te in iz in g  hormone in je c t io n  tended to  
y ie ld  higher f e r t i l i t y  r e s u lt s  when compared w ith  two in ­
sem in a tio n s. In v it r o  f e r t i l i z a t i o n  may a lso  help  s o lv e  
th e  problem o f  low f e r t i l i t y  in  c a lv e s .
e .  Cows. The f i r s t  su p ero v u la tio n  in  cows was 
performed by Casida and a s s o c ia te s  (51) w ith  th e use o f  
p itu ita r y  gonadotrophins in  1943. S ince th en , many hormonal 
p rep aration s and in je c t io n  sch ed u les have been t r ie d  (22, 
3 1 ,5 0 ,7 8 ,8 2 ,1 0 0 ,1 1 0 ,1 1 1 ,2 0 5 ,2 1 5 ,2 1 7 ,2 2 9 ,2 4 9 ,2 6 9 ) . Dowling 
(78) found th a t cows in je c te d  subcutaneously  w ith  3 ,000  
IU o f  PliS on th e  4th  to  10th day o f  the e s tr o u s  c y c le  
( lu t e a l  phase) had an average o f 12 o v u la tio n  p o in ts , w h ile  
th o se  th a t r ece iv ed  th e same dose on the 16th day ( f o l l i ­
cu la r  phase) had 15 o v u la tio n  p o in ts  on the average. Sub­
cutaneous in je c t io n  o f 100 mg o f  horse p itu ita r y  e x tr a c t  
d a ily  fo r  th ree  co n secu tiv e  days s ta r t in g  on th e 14th day 
o f the c y c le  produced an average o f 6 .5  o v u la t io n s .
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In t h e ir  r e s u lt s  from a com parative study on the  
e f f e c t s  o f  two l e v e l s  o f  p u r if ie d  PMS on f o l l i c u l a r  develop ­
ment, Hafez e t  a l . (110) showed th a t cows r e c e iv in g  5 ,000  
IU had a h igher t o t a l  number o f f o l l i c l e s  th a t developed  
than th o se  th a t got 3 ,0 0 0  IU, but th ere  was a ls o  a substan­
t i a l  in cr ea se  in  the percentage o f lu te in iz e d  and hemo­
rrh ag ic  f o l l i c l e s ,  Rowson (205) l ik e w is e  found f o l l i c l e s  
in  la r g e  number were produced by in je c t io n  o f  4 ,0 0 0  IU o f  
PMS. I t  i s  not a d v isa b le  to  s t im u la te  cows to  produce 
more than about tw enty o v u la tio n s  because s t im u la t io n  be­
yond t h i s  p o in t seems to  upset com p letely  th e  p h y s io lo g ic a l  
mechanisms o f the rep rod u ctive tr a c t  and the p rop ortion  o f  
u n f e r t i l iz e d  eggs in c r e a se s  ra p id ly  (2 1 2 ). Hafez (117) found 
o v erstim u la tio n  o f  th e  o v a r ie s  cau ses reduced r a te s  o f egg  
reco v ery . T his i s  due to :  1) th e e f f e c t  o f endogenous 
e str o g en  production  on th e ra te  o f  egg tr a n sp o r t, 2 ) th e  
trapping o f  some eggs in  th e  f o l l i c l e s ,  and 3) fim b ria  to o  
sm all to  surround a l l  ovarian  s u r fa c e s .
In summary, i t  appears th a t th e most s a t is f a c t o r y  
hormoral p rep aration s and in je c t io n  sch ed u les fo r  super­
o v u la tio n  o f  cows are intram uscular in je c t io n  o f 2 ,5 0 0  IU 
o f PMS on day 16 o f th e e s tr o u s  c y c le  fo llo w ed  by in travenous  
in je c t io n  o f  2 ,0 0 0  IU o f HCG on th e day o f  e s tr u s  or day 21 .
One o f the major problems in  su p ero v u la tio n  i s  th e  
h ig h ly  v a r ia b le  su perovu latory  response o f an im als. Re­
sponse by anim als to  su p ero v u la tio n  i s  a f fe c te d  by se v e r a l
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f a c t o r s ,  such a s; breed, age , p lane o f  n u tr it io n , kind and 
amount o f  hormone g iven  and s ta g e  o f  the e s tr o u s  c y c le  
at in je c t io n  o f  th e hormone.
McLaren (169) and Gates and Runner (98) reported  
th a t breed or s t r a in s  o f  mice d i f f e r  in  th e  maximal number 
o f  ova th a t can be su p erovu la ted . The number o f  ovarian  
f o l l i c l e s  w ith  antra reaches a maximum o f about 150 per 
fem ale a t th ree  weeks o f  age. In r a b b its ,  th ere  i s  a w e l l -  
d efin ed  p a ttern  o f  response to  gonadotrophins w ith  in cr ea s­
ing age , c o n s is t in g  o f f o l l i c u l a r  response w ithout ovu la­
t io n ,  then o v u la tio n  and f in a l ly  su p erovu la tion  ( 1 ) .  A 
h ig h ly  s ig n if ic a n t  in te r a c t io n  between age and gonadotrophic  
treatm ent was a ls o  reported  by K ennelly and Foote (1 4 5 ).
I t  has a ls o  been reported  th a t retarded  anim als as  
in d ica ted  by low body w eight a t th e s t a r t  o f in je c t io n  fo r  
su p ero v u la tio n , tend to  y ie ld  reduced number o f  eggs (1 4 7 ). 
However, Onuma and Foote (191) found th a t d if fe r e n t  l e v e l s  
o f  n u tr ie n t in tak e d id  not in flu e n c e  th e response o f p re-  
puberal c a lv e s . The two must im portant fa c to r s  a f fe c t in g  
response to  su p ero v u la tio n  are th e kind and dose o f  th e  
hormone g iv en  and the s ta g e  in  the e s tr o u s  c y c le  a t the  
tim e o f  in je c t io n  (9 8 ,2 7 8 ). Rowson (209) showed th a t r e ­
sponse to  su p ero v u la tio n  varied  not on ly  w ith in  and between 
b reed s, but a ls o  between batches o f  th e commercial hormones 
used .
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C onsequently, Hafez (117) rev ea led  th a t th ere  are 
q u a n tita t iv e  and q u a l i ta t iv e  d if fe r e n c e s  in  response o f  
anim als to  crude and p u r if ie d  PHSG. P u r if ie d  PHSG causes  
l e s s  f o l l i c u l a r  growth and lower o v u la tio n  ra te  than crude 
PHSG. T his may be due to  lo s s  o f  s y n e r g is t ic  LH a c t iv i t y  
during p u r if ic a t io n  or to  d if fe r e n c e s  in  ra te  o f  ab sorp tion  
or e x c r e t io n  (2 0 5 ). L ikew ise, W ilson and Zarrow (276) 
reported  th e number o f  ova r e s u lt in g  from induced ovu la­
t io n s  o f  prepuberal mice was most r e a d ily  c o n tr o lle d  by 
th e q u a n tity  and q u a lity  o f th e hormone in je c te d .
Dose l e v e l s  o f th e  hormone a ls o  in flu e n c e  response  
t o  su p e ro v u la tio n . A l in e a r  r e la t io n s h ip  between dosage 
and ovarian  a c t iv i t y  has been reported  by B ellow s e t  a l .  
(3 1 ) . C lear ev id en ce o f a dose-respon se r e la t io n s h ip  was 
a ls o  p resen ted  by Gordon and co-w orkers (1 0 0 ).
P a r ity  and s i t e  o f  in je c t io n  have been reported  a lso  
to  a f f e c t  su perovu latory  resp on se . Hafez and Rajakoski 
(112) found o v u la tio n  r a te  tended to  in crea se  w ith  in crea se  
in  p a r ity . But, G ates and a s s o c ia te  (99) reported  v ir tu a l ly  
no d if fe r e n c e s  can be d e tec ted  between th e e f f e c t iv e n e s s  o f  
in tr a p e r ito n e a l and subcutaneous rou tes o f  PMS adm instra- 
t io n .  E ith er  one may be fo llo w ed  ju s t  fo r  con ven ience. 
However, th e  superovu latory  hormone LH or HOG must be ad­
m in istered  in traven ou sly  fo r  maximum e f f e c t s .  G en era lly , 
maximum su perovu latory  response i s  a tta in e d  when PUS i s  
in je c te d  during th e f o l l i c u l a r  phase o f the e s tr o u s  c y c le
(7 8 ) .
The o th er  major problem in  su p ero v u la tio n  i s  r e ­
fr a c to r in e s s  o f  anim als to  repeated  a d m in istra tio n  o f  
gonadotrophins. Superovulatory response d e c lin e s  w ith  
repeated  hormone in je c t io n s  due to  th e development o f  
antigonadotrophins (8 1 ,8 2 ,1 1 0 ,1 1 3 ,1 3 6 ,2 6 8 ,2 7 1 ) . Pregnant 
mare serum gonadotrophin i s  a complex substance and has 
a lon ger h a l f - l i f e  than FSH, but i t  i s  a ls o  a n tig e n ic  due 
to  i t s  g ly c o p r o te in , nature (1 7 5 ). W ille t  and a s s o c ia te s  
(2 6 8 ,2 7 1 ) found th a t cows rep ea ted ly  superovu lated  w ith  
gonadotrophins had a p r o g r e ss iv e ly  sm a ller  number o f  corpora  
lu te a  fo llo w in g  each s u c c e s s iv e  trea tm en t. Long p er iod s  
w ithout a d m in istra tio n  o f gonadotrophins d id  not e lim in a te  
th e  r e fr a c to r in e s s .  C alves a ls o  showed r e fr a c to r in e s s  to  
repeated  in je c t io n s  o f gonadotrophins (1 2 9 ,1 8 9 ,1 9 2 ).
2 . F e r t i l iz a t io n
Superovulated ova may be f e r t i l i z e d  e i th e r  by 
n atu ra l m ating, a r t i f i c i a l  in sem in ation  or by in  v itr o  
f e r t i l i z a t i o n .  S evera l problems o f f e r t i l i z a t i o n  fo llo w in g  
su p erovu la tion  have been rep o rted . E x cess iv e  f o l l i c u l a r  
s t im u la t io n  (7 8 ,2 4 9 ,2 7 2 ) , th e p resen ce o f an a c t iv e  corpus 
luteum and a d d itio n  o f p rogesteron e are a sso c ia te d  w ith  
e i th e r  no or low f e r t i l i t y  and abnormal r a te  o f egg tr a n s­
p ort (2 3 ,5 1 ,7 8 ,8 2 ,1 1 1 ,2 0 5 ,2 6 9 ) . P rogesterone in te r fe r e n c e  
w ith  sperm tran sp ort a ls o  may be a fa c to r . V i l l e t  e t  a l .  
(269) d id  not ob ta in  f e r t i l i z e d  ova during the lu t e a l  phase 
when sperm c e l l s  were d ep o sited  in to  th e  u te ru s . M u ltip le
o v u la tio n s  may not be p rop erly  synchron ized  and se v e r a l  
in sem in ation s over a 48-hour p eriod  fo llo w in g  lu te in iz in g  
hormone in je c t io n  are d e s ir a b le .
More problems o f  f e r t i l i z a t i o n  may be encountered  
in  c a lv e s .  Because o f th e in f a n t i l e  nature o f th e r e ­
p rod u ctive t r a c t , c a lv e s  are d i f f i c u l t  to  insem inate and 
sperm tra n sp o rt may be hampered. However, Onuma and co ­
workers (192) found th a t 82 per cen t o f th e  ova c o l le c te d  
from c a lv e s  insem inated  w ith  l iq u id  semen 0 , 24 and 48 
hours a f t e r  in je c t in g  LH showed normal c lea v a g e  when 
cu ltu red  in  v i t r o .
In v it r o  f e r t i l i z a t i o n  fo llo w in g  c o l l e c t io n  o f  ova 
may help  s o lv e  the problem o f  low f e r t i l i t y  in  c a lv e s .  A 
rep ea ta b le  procedure fo r  in  v i t r o  f e r t i l i z a t i o n  o f  ova has 
been developed by Bracket and W illiam s (3 9 ,4 0 ) .  B r in ster  
and a s s o c ia te  (42) f e r t i l i z e d  mouse ova in  v i t r o  by p la c in g  
them w ith in  an ov id u ct in  c u ltu r e . S evera l o ther workers 
(6 3 ,1 7 6 ,1 9 7 ,2 4 3 ,2 5 9 )  have been a ls o  s u c c e s s fu l  in  f e r t i l i z ­
ing eggs o f lab oratory  anim als in  v i t r o .  In v i t r o  f e r t i l i ­
z a t io n  o f  c a t t l e  ova has been attem pted , but thus fa r ,  
su cc ess  has not been reported  (2 3 2 ).
3 . Egg Recovery
In order to  o b ta in  m eaningful r e s u l t s  on s tu d ie s  
of eggs and embryos, one must recover th e eggs or embryos 
at an ex a ct tim e r e la t iv e  to  a f ix e d  p o in t in  the e g g 's  
l i f e .  The eggs or embryos are found e i t h e r  in  the ov id u ct
or u teru s , depending on th e s ta g e  a t which th ey  are r e ­
covered . There are th ree  methods th a t may be used in  
recoverin g  su perovu lated  u n f e r t i l iz e d  or f e r t i l i z e d  eggs  
(2 5 ,1 1 7 ,2 4 7 ).
a . S laughter Method. The s im p le s t  procedure o f  
recoverin g  eggs i s  by removing th e rep rod u ctive tr a c t  at 
s la u g h te r . Forceps or clamps are a p p lied  near the body 
o f  the u teru s b efore c u t t in g  them. To recover one to  th ree  
days o ld  embryos, cut the o v id u c ts  near th e tu b o -u ter in e  
ju n c tio n  and remove any e x c e ss  membrane or fa t  around i t . 
The o v id u c ts  may be flu sh ed  by in s e r t in g  a b lunt need le  
attached  to  a sy r in g e  in to  th e  infundibulum  and f lu sh in g  
th e  ova w ith  3 to  5 ml o f  medium in to  a d ish  or tube (84 , 
2 4 7 ).
Four t o  s i x  days o ld  embryos are norm ally recovered  
from the horns o f  the u te r u s . Each u te r in e  horn i s  flu sh ed  
a s e p t ic a l ly  by in s e r t in g  a n eed le near th e body o f  the  
u teru s and f lu sh in g  10 to  15 ml o f  medium toward the  
o p p o site  end. U terin e embryos may a ls o  be c o l le c t e d  by 
clamping both ends o f  the u te r in e  horns and in trod u cin g  10 
to  15 ml o f  medium in to  i t . Then the f lu id  i s  massaged 
in to  a c o l le c t io n  d ish  or tube through a 14-gauge need le  
w ith  attached  tub ing a t th e  o p p o site  end (2 0 4 ).
An a lt e r n a t iv e  procedure i s  t o  lea v e  th e tr a c t  
in ta c t  and f lu s h  the o v id u cts  from th e  ovarian  end in to  
each u te r in e  horn. A sta b  wound i s  made w ith  a 14-guage
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n eed le  near th e t i p  o f  the u te r in e  horn to  c o l l e c t  eggs  
which have been flu sh ed  from th e  ov id uct or which were In 
th e  proxim al part o f  th e u te r in e  horn. The u te r in e  horn 
i s  f lu sh ed  w ith  an a d d it io n a l 20 to  25 ml o f  f lu id  in je c te d  
near th e body. Host ova are found in  th e f i r s t  f lu s h in g ,  
p a r t ic u la r ly  from th e o v id u c t. However, subsequent f lu s h ­
in gs o c c a s io n a lly  d is lo d g e  more ova , and repeated  f lu sh in g  
and exam ination are f e a s ib le  when rep rod u ctive tr a c t  i s  
removed (1 9 ,8 4 ,1 2 1 ,2 0 4 ) .
Reported recovery o f ova from su perovu lated  cows 
ranges from about 25 to  75 per cen t o f  th e number o f  ovu la­
t io n  p o in ts , w ith the upper l im it  rep resen tin g  optimum 
c o n d itio n s  (2 3 ,7 8 ,1 1 0 ,2 0 8 ) . Avery and Graham (23) reported  
th a t  in  cows w ith  s in g le  o v u la tio n  p o in t , 85 per cent o f the  
eggs has been removed. In superovu lated  c a lv e s  recovery  
r a te s  u su a lly  are from 20 to  33 per c e n t , w ith  th e h igher  
resp onses tend ing  to  occur in  o ld er  c a lv e s  (2 3 ,1 3 5 ,1 5 8 ,1 8 9 , 
1 9 1 ,2 1 8 ).
T e rv it  and Rowson (247) reported  a high proportion  
o f  ova flu sh ed  from th e  reprodu ctive t r a c t s  o f  s lau gh tered  
h e if e r s  w ith  t i s s u e  c u ltu r e  medium 199 (TCM 199) showed 
normal development fo llo w in g  tr a n s fe r  to  o v id u c ts  o f  
pseudopregnant r a b b its . However, Rowson e t  a l .  (209) 
obta ined  a pregnancy ra te  o f  on ly  33 per cen t in  cows r e ­
c e iv in g  eggs recovered  from donors a f t e r  s la u g h te r , w hile  
91 per cen t o f  th e r e c ip ie n ts  became pregnant to  eggs r e ­
covered by su r g ic a l means.
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b . S u rg ica l Method. The s la u g h te r  procedure has 
been used most commonly fo r  c o l le c t in g  e g g s . I f  egg tr a n s­
fe r  i s  to  be p r a c t ic a l ,  th e  donor should  remain in t a c t .  
Dowling (78) f i r s t  introduced  s u r g ic a l  recovery  o f  eggs
in  1949. S ince th en , variou s m o d if ic a tio n s  o f  th e techn ique  
have been d escr ib ed  (2 5 ,2 0 9 ,2 2 8 ,2 4 9 ) . With the s u r g ic a l  
approach the donor i s  a n e s th e t iz e d , laparotom lzed  and th e  
o v a r ie s , o v id u cts  and u te r in e  horms brought through the  
in c is io n  fo r  exam ination and egg reco v ery . F lushing can be 
performed s im ila r  to  th a t d escr ib ed  fo r  the in ta c t  t r a c t  
removed a t s la u g h te r  or by hysterectom y. A lso th e  o v id u c ts  
may be flu sh ed  toward th e ovary by in je c t in g  medium through  
th e  tu b o -u ter in e  ju n c tio n  and out through a cannula t ig h t ly  
held  in  the infundibulum . A fter  recoverin g  the e g g s , th e  
t r a c t  i s  returned  to  th e  abdominal c a v ity  and the in c is io n  
c lo s e d .
c .  N onsurgical Method. The n on su rg ica l approach 
o f  recoverin g  eggs o f f e r s  th e p o s s i b l i l i t y  o f  rep eated  
c o l le c t io n  o f  embryos from th e same donor w ith  minimum 
trauma or i r r i t a t io n s  in  the t r a c t .  The tech n iqu e had 
been ap p lied  by se v e r a l in v e s t ig a to r s  (7 8 ,7 9 ,8 2 ,2 0 4 ,2 4 1 ,
269) w ith  varying d egrees o f s u c c e s s . Dracy and P eterson
(79) attem pted to  c o l l e c t  eggs n o n su rg lca lly  by in s e r t in g  
a rubber tube in to  the u teru s b utted  a g a in st th e o v id u c t . 
U terine c o n tr a c t io n s  tended to  d is lo d g e  th e  tu b e , thus
no eggs were recovered .
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Host procedures o f  n onsu rg ica l recovery o f  eggs  
in vo lved  ir r ig a t io n  o f the u teru s w ith  varying numbers o f  
cannulae t o  th e u te r u s . Dracy and a s s o c ia te  (79) developed  
a can nula-tub ing  arrangement through which 1 ,000  ml o f  
s a l in e  were flu sh ed  in to  the u te ru s . Ova were c o l le c te d  
from 12 cows out o f  37 a ttem p ts. V i l l e t  (272) reported  
th a t t h i s  procedure caused co n sid era b le  trauma in  the 
u te r u s .
avows on and Dowling (204) d escrib ed  an apparatus
w ith an in f la ta b le  c u f f  to  hold the instrum ent in  p la ce  and
to  prevent lo s s  o f  f lu sh in g  medium, but r e s u l t s  on the  
e f f ic ie n c y  o f t h i s  approach were lim ite d  (7 8 ) . M odifica­
t io n s  o f  th e e a r ly  equipment (7 9 ,2 0 4 ) have been d escrib ed  
by Donker (77) and Dziuk and co-w orkers (8 2 ) , which minimize 
th e  amount o f f lu sh in g  medium req u ired , s im p lify  the number 
o f  tubes in vo lved  and r e ta in  the in f la ta b le  c u f f .  A lso , 
varying d egrees o f  su cc ess  were reported  and none o f the  
procedures produced r e s u l t s  th a t were as c o n s is te n t  as 
th o se  in  su r g ic a l recovery .
R ecen tly , e x c e l le n t  recovery from superovu lated  
c a t t l e  has been reported  by Sugie e t  a l .  (241) w ith  a tw o- 
cannula d ev ice  and w ith  2 ,000  to  3 ,0 0 0  ml o f  f lu sh in g  
medium. Out o f  32 cows, 1 to  4 , 5 to  8 and 10 to  16 ova
were recovered  from 10, 11 and 5 cows, r e s p e c t iv e ly . In
t h i s  p a r t ic u la r  approach, th e e n t ir e  horns were f lu sh ed , 
rath er than the a n te r io r  p o rtio n s o n ly . T his may have
co n tr ib u ted  to  th e high reco v ery . I f  high recovery r a te  
in  n on su rg ica l procedures i s  a tta in e d  r e g u la r ly  and embryos 
ob ta in ed  undamaged, th e approach cou ld  provide an accep tab le  
means fo r  ro u tin e  recovery o f  embryos in  c a t t l e .  At pre­
s e n t ,  more research  are being conducted on n on su rg ica l 
recovery  o f  eggs in  c a t t l e  (3 8 ,8 6 ) .  S im ilar  s tu d ie s  are 
a ls o  going on w ith  th e use o f  mares (1 8 6 ,1 8 7 ).
Egg recovery  i s  most e f f i c i e n t l y  performed when the  
age o f  th e egg and con sequ en tly  i t s  lo c a t io n  in  th e repro­
d u ctiv e  t r a c t  i s  known. G en era lly , egg recovery  from th e  
u teru s i s  l e s s  e f f i c i e n t  than from th e ov id uct ( 8 ) .  In 
m ice, la t e  tw o -c e l l  embryos are flu sh ed  from the F a llo p ia n  
tub es 44 to  48 hours a f t e r  th e  in je c t io n  o f HOG. E ig h t -c e l l  
embryos are a ls o  flu sh ed  from the F a llo p ia n  tube 70 hours 
a f te r  HOG in je c t io n .  Horulae and e a r ly  b la s to c y s t s  are 
ob ta in ed  from th e  u te r in e  horns about 98 hours a f t e r  the  
in je c t io n  o f  the ovu la tory  hormone.
The tw o -c e l l  s ta g e  i s  reached about 22 to  24 hours 
a f te r  mating in  r a b b its . F our-, e ig h t -  and s ix t e e n - c e l l  
s ta g e s  are a tta in e d  24 to  3 2 , 32 to  41 and 45 to  47 hours 
a f t e r  m ating, r e s p e c t iv e ly .  The embryos are flu sh ed  from 
th e o v id u c ts  in  a l l  th e se  s t a g e s .  Between 65 to  70 hours 
a f te r  m ating, th e embryos reach th e morula s ta g e  and 
normal th ree-d ay  o ld  ra b b it embryo i s  en c lo sed  by mucin 
co a t (1 0 1 ,1 4 0 ). Rabbit morula and b la s to c y s t s  may be 
recovered  from th e u te r in e  horn on th e th ir d  to  seven th  
day a f t e r  m ating.
Swine embryos are fo u r -c e l le d  between 36 to  48 
hours a f te r  o v u la tio n  and u su a lly  do not reach th e  e ig h t ­
c e l l  s ta g e  u n t i l  72 to  96 hours a f t e r  m ating (2 6 ,1 2 0 ) . 
Vincent e t  a l .  (252) recovered  sw ine embryos from th e  
ovid uct 46 to  75 hours a f te r  on set o f  e s t r u s . A fter  75 
hours, embryos were recovered  on ly  from th e  u te r u s .
C a ttle  embryos reach  th e tw o -c e l l  s ta g e  40 to  56 
hours a f t e r  f e r t i l i z a t i o n .  The e i g h t - c e l l  s ta g e  i s  a tta in e d  
about 96 hours a f te r  m ating. C a tt le  embryos may be r e ­
covered from th e  u te r in e  horns in  th e  e i g h t - c e l l  s ta g e  on 
the fo u rth  day a f t e r  f e r t i l i z a t i o n  (2 1 2 ,2 1 3 ).
4 . F lu sh in g , C ulture and Storage Media
a . F lu sh ing  M edia. The ch o ice  o f  f lu sh in g  
media depends upon th e  s p e c ie s  and th e purpose which the  
eggs are in tended  fo r  a f t e r  recovery  (1 1 5 ,2 1 2 ). I f  the  
embryos are not to  be kept a l i v e ,  any p h y s io lo g ic a l s a l t  
s o lu t io n  w i l l  s u f f ic e  as a f lu s h in g  medium. P h y s io lo g ic a l  
s a l in e ,  co n ta in in g  0 .9  per cen t NaCl, m ainta ins th e t o n ic i t y  
o f  eggs fo r  sh ort p e r io d s , but i t  la ck s  both th e b u ffer in g  
ca p a c ity  and many o f  th e e s s e n t ia l  organ ic  io n s th a t are 
n ecessary  fo r  long-term  su r v iv a l o f  e g g s .
At p r e se n t, p h y s io lo g ic a l s o lu t io n s  are used to :
1) serv e  as f lu sh in g  f lu id s  w hile  m ainta in in g  t o n ic i t y  
w ith in  th e v i t e l l u s  o f  th e e g g s , 2 ) b u ffer  th e medium and 
m aintain  i t  in  th e  p h y s io lo g ic a l pH range (7 .2  to  7 .6 ) ,  
and 3 ) provide an aqueous io n ic  environm ent fo r  c e l l
m etabolism . P h y s io lo g ic a l s a l in e  (7 4 ,1 6 0 ) , a m odified  
K rebs-Ringer b icarbonate s o lu t io n  (6 3 ,2 5 9 ) , phosphate- 
b u ffered  s a l in e  (2 0 3 ,2 6 5 ,2 7 3 ) and D u lbecco 's phosphate- 
b u ffered  s a l t  s o lu t io n  (8 0 ,2 6 1 ,2 6 6 ) or i t s  m o d ifica tio n  
(264) are some o f th e  p h y s l lo g ic a l  s o lu t io n s  used fo r  
recoverin g  e g g s .
Eggs th a t are to  be cu ltu red  or tra n sp la n ted  to  a 
r e c ip ie n t  should  be recovered  in  one o f  the more complex 
medium co n ta in in g  p r o te in  (4 5 ,9 7 ,1 2 1 ,1 4 6 ) . The most com­
monly used f lu sh in g  s o lu t io n  fo r  eggs to  be cu ltu red  or 
tra n sferr ed  i s  homologous serum (9 ,1 9 ,5 4 ,5 6 ,5 7 ,5 8 ,8 1 ,1 2 1 ,  
1 3 1 ,1 4 1 ,2 0 9 ,2 2 5 ,2 4 5 ) . However, l a t e ly  t i s s u e  c u ltu r e  med­
ium 199 (TCM 199) has been w idely  u t i l i z e d ,  e s p e c ia l ly  in  
the recovery o f  bovine ova (2 2 ,1 3 0 ,1 4 8 ,2 0 9 ,2 3 3 ,2 3 9 ,2 4 6 ) .
b . C ulture and S torage M edia. According to  B iggers  
e t  a l .  (35) two main typ es o f  media are used in  the cu ltu r e  
and s to ra g e  o f  embryos fo r  tr a n s fe r ,  namely: media which
are b io lo g ic a l ly  and ch em ica lly  d e f in e d . A b io lo g ic a l ly  
d efin ed  medium i s  one th a t in c lu d es  b io lo g ic a l  f lu id s  or 
p a r t ia l ly  p u r if ie d  p rod u cts, such as d ia ly ze d  serum, w hile  
a ch em ica lly  d efin ed  medium i s  one th a t co n ta in s  on ly  h ig h ly  
p u r if ie d  reagen ts and th a t id e a l ly ,  the in te r a c t io n  between 
the c o n s t itu te n ts  are known.
Some o f  th e advantages o f  u sin g  ch em ica lly  d efin ed  
media are: 1) they  are rep rod u cib le  a t d if f e r e n t  tim es and
in  d if f e r e n t  la b o r a to r ie s , 2 ) they can be v a r ied  in  a
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c o n tr o lle d  manner, and 3 ) th ey  are free  o f  enzyme a c t i v i ­
t i e s  which may In te r fe r e  w ith  th e resp on ses being s tu d ie d .
Only few in v e s t ig a to r s  appear to  have used b io lo g ­
i c a l l y  d efin ed  media in  th e  c u ltu r e  o f e g g s . Hammond (118) 
ob ta in ed  b la s to c y s t  from e i g h t - c e l l  s ta g e  embryos by u sin g  
a m ixture o f  th in  e g g -w h ite , egg yo lk  and in organ ic  s a l t s .
The form ulation  o f  ch em ica lly  d efin ed  media has 
been regarded as a major problem o f  t i s s u e  cu ltu r e  s in c e  
i t  was f i r s t  used by Lewis and Lewis (152) in  th e c u lt iv a ­
t io n  o f ch ick  t i s s u e .  The f i r s t  ch em ica lly  d efin ed  medium 
fo r  th e c u ltu r e  o f  mammalian c lea v a g e  s ta g e s  was d escrib ed  
by W hitten (2 5 6 ), who was a b le  to  produce mouse b la s to c y s ts  
from e i g h t - c e l l  s ta g e s .  The medium was based on Krebs- 
Ringer b icarb on ate , supplemented w ith  g lu c o se , bovine plasma 
albumin and a n t ib io t ic s .  McLaren and B iggers (168) pro­
duced normal o ffsp r in g  from tra n sp la n ts  o f  b la s to c y s ts  
cu ltu red  in  a s im ila r  medium, but Whittingham and Wales 
(260) were th e  f i r s t  to  report s u r v ia l  o f  mouse embryos 
in  a ch em ica lly  d efin ed  medium.
The dem onstration th a t mouse ova would c lea v e  in  a 
ch em ica lly  d efin ed  medium (256) paved th e way fo r  a much 
more rigorou s approach to  th e  problem o f form ulating a 
ch em ica lly  d efin ed  media, and s in c e  then th e mouse has been 
stu d ie d  alm ost e x c lu s iv e ly  u sin g  s im ila r  m edia. W hitten 
(257) dem onstrated th a t th e a d d it io n  o f  calcium  la c ta te  
allow ed la t e  tw o -c e ll  embryos to  develop  in to  b la s t o c y s t .
29
B r in ste r  (41) m odified  th e  calcium  la c ta t e  medium and 
c le a r ly  showed th a t la c ta t e  a lone cou ld  not supply the  
embryo w ith  energy during c leavage  and th a t an energy  
source was e s s e n t i a l .  Subsequently , B r in ste r  (44) demon­
s tr a te d  th a t pyruvate, o x a lo a c e ta te  and phosphoenolpyruvate  
cou ld  s u b s t itu te  fo r  la c ta t e  in  th e medium. L ater , B iggers  
and B r in ster  (32) found th a t th e in co rp o ra tio n  o f  pyruvate  
and la c ta t e  in  th e medium r e s u lte d  in  b e t te r  y e i ld s  o f  
b la s to c y s t s  from la t e  tw o -c e l l  embryos than was ob tained  
w ith  th e  optimum co n cen tra tio n  o f  la c ta t e  a lone (4 6 ) .
B iggers and a s s o c ia te s  (33) tra n sfe rr e d  mouse 
b la s to c y s t s  produced from tw o -c e ll  s ta g e s  in  la c ta t e  or  
pyruvate in to  pseudopregnant u te r in e  f o s te r  mothers and 
showed th a t normal f e tu s e s  would d ev elo p . Whittingham and 
B iggers (258) su b seq u en tly  found th a t mouse zy g o tes  would 
r e a d ily  c lea v e  to  th e  tw o -c e ll  s ta g e  in  th e p y ru v a te / 
la c t a t e  medium, but cou ld  not in  the medium co n ta in in g  
l a c t a t e .  L ater , B iggers e t  a l .  (3 4 ,3 5 )  showed th a t on ly  
pyruvate and o x a lo a c e ta te  cou ld  a ct as s in g le  sou rces for  
th e f i r s t  c leavage  d iv is io n ,  and th e re fo re  i t  i s  unneces­
sary  to  in clu d e la c ta t e  in  the medium. D aniel (72) con­
cluded  th a t the c i t r i c  a c id  c y c le  i s  fu n c t io n a l in  th e  
e a r l i e s t  s ta g e s  o f  the embryos, but th a t the Embden-Meyerhof 
pathway does not appear u n t i l  s e v e r a l days la t e r  in  the  
em bryo's l i f e .  The pentose shunt may be u t i l i z e d  by tw o- 
day embryos but not in  e a r l ie r  o n es .
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In r a b b its ,  most o f  the s u c c e s s fu l  egg sto ra g e  
media co n ta in  25 to  50 per cent homologous serum (5 6 ,9 7 , 
1 0 7 ,1 2 1 ,1 3 0 ,1 3 1 ,1 3 2 ,2 0 0 ,2 7 0 ) . O cca sio n a lly , the serum o f  
oth er  s p e c ie s  l ik e  h orse , dog, guinea p ig , ra t and sw ine  
serum can be used to  s to r e  ra b b it e g g s . But serum from 
man, sh eep , c a t t l e ,  g o a ts  and fow ls co n ta in  a fa c to r  which 
i s  o v ic id a l  to  ra b b it eggs (5 6 ) . S u b s t itu te s  fo r  fre sh  
serum in clu d e serum p rev io u sly  frozen  a t -20  C, r e c o n s t itu te d  
fr e e z e -d r ie d  serum, b la s to c y s t  f lu id  and egg yo lk  c i t r a t e  
(1 0 9 ,1 9 8 ).
P ro te in  source i s  one o f the components o f  a b io ­
lo g ic a l  media (9 7 ,1 5 4 ) , but ra b b it ova have been found a lso  
to  c le a v e  in  a p ro te in  fr e e  medium (6 9 ) . Hafez (103) r e ­
ported  th a t s to ra g e  o f  ra b b it ova in  g e l le d  media was 
su p erio r  to  th a t s to re d  in  l iq u id .  S tu d ies  on th e use o f  
ch em ica lly  d efin ed  media in  s to ra g e  o f  ra b b it embryos have 
been conducted ju s t  in  recen t years (1 6 ,1 0 2 ,1 3 7 ,1 3 8 ,1 6 1 ).
L i t t l e  i s  known about th e requirem ents fo r  cu ltu r in g  
c a t t l e  ova. When ova were p laced  in  homologous serum 
u su a lly  not more than one c lea v a g e  occurred (5 0 ,1 1 0 ,2 3 1 ).  
U nless heated serum i s  used an o v ic id a l  fa c to r  fo r  c a t t l e  
ova may be p resen t in  serum. Sreenan and co-w orkers (229, 
231) ob tained  b e tte r  r e s u lt s  w ith  f o l l i c u l a r  f lu id  than  
w ith  serum. However, in  a p rev ious study conducted by 
Brock and Rowson (50) f o l l i c u l a r  f lu id  produced n eg a tiv e  
r e s u l t s .  Onuma and Foote (190) found heated bovine or
ra b b it serum to  be as good as f o l l i c u l a r  f lu id  fo r  c u ltu r ­
ing c a l f  ova.
B r in ste r  (47) cu ltu red  two bovine ova in  s y n th e t ic  
media but development seldom  exceeded one to  two c leavage  
d iv is io n s ,  excep t a f t e r  tr a n s fe r  to  r a b b its  (8 ,2 3 1 ) .
Sreenan (230) ob ta in ed  some development o f  bovine ova in  
r a b b its  a f te r  cu ltu r e  in  f o l l i c u l a r  f lu id  a t 10 and 2 6 .7  C. 
Based on r e s u l t s  ob ta in ed  from s tu d ie s  on th e use o f homo­
logou s serum as one o f  the m edia, Rowson and a s s o c ia te s  
(209) concluded th a t homologous serum i s  an u n su ita b le  
medium fo r  egg tr a n s fe r  in  c a t t l e ,  but t i s s u e  cu ltu r e  med- 
dium 199 (TCM 199) i s  h ig h ly  s a t is f a c t o r y .  O bviously, 
th ere  i s  a r e a l need fo r  more research  in  the f i e l d  o f  
sto ra g e  media fo r  bovine ova and w ith  con cen trated  e f f o r t , 
i t  i s  l ik e ly  th a t the requirem ents fo r  c u ltu r in g  and s t o r ­
ing c a t t l e  eggs a ls o  can be determ ined.
Another p o in t o f  co n s id er a tio n  in  c u ltu r in g  and 
p reserv in g  ova or embryos i s  th e use o f a n t ib io t i c s .  Smith 
(224) found th a t  a co n cen tra tio n  o f 0 .0 2  per cent s tr e p ­
tomycin in  a cu ltu r e  medium co n ta in in g  serum p reven ts bac­
t e r i a l  growth which norm ally occurs even when manipula­
t io n s  are ca rr ied  out under a n t is e p t ic  c o n d it io n s . Other 
workers (4 0 ,1 0 8 ) l ik e w is e , emphasized th e need o f adding 
a n t ib io t ic s  to  sto ra g e  m edia. Avery and Graham (23) and 
Dzluk e t  a l .  (82) in d ica ted  th a t a n t ib io t ic s  such as p en i­
c i l l i n  and streptom ycin  can be added a t l e v e l s  o f  1 ,000
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u n lts /m l and 500 to  1 ,000  m g/m l ,  r e s p e c t iv e ly .  Hafez (108) 
reported  th a t s u r v iv a l o f  eggs was not a f fe c te d  by sto ra g e  
at low tem peratures In co n cen tra tio n s  o f  7 .5  mg o f  s tr e p ­
tom ycin, 4 mg C hlorom ycetin, 6 .5  mg paromomycin or 2 3 .9  
mg o f  p e n ic i l l in  per ml o f  l iq u id  medium.
5 . Storage o f  Ova or Embryos
a . In V ivo. Embryos o f  one s p e c ie s  can be 
tra n sferred  in to  the ov id uct or u teru s o f  another s p e c ie s ,  
and a f t e r  sh ort-term  s to r a g e , may be recovered  fo r  sub­
sequent r e tr a n s fe r  to  an appropriate r e c ip ie n t .  Warwick 
and Berry (254) were th e  f i r s t  to  perform in t e r s p e c i f ic  egg  
tr a n s fe r  between sheep and g o a ts . Adams (8 ) reported  th a t  
sheep eggs in  th e tw o- and e i g h t - c e l l  s ta g e s  su rv ived  fo r  
a t le a s t  f iv e  days and developed in to  e a r ly  b la s to c y s t s  
fo llo w in g  tr a n s fe r  to  th e ov id u ct o f  pseudopregnant r a b b its .  
S im ila r ly , tw o -c e ll  mouse embryos tra n sferred  to  rab b it  
F a llo p ia n  tubes developed in to  b la s t o c y s t , but o n e -c e l l  
embryos f a i le d  to  develop  (4 8 ) .
Lawson e t  a l .  (148) a f t e r  o b ta in in g  73 per cen t  
su r v iv a l r a te  o f  cow eggs tra n sfe rr ed  to  rab b it ov id u ct  
and re tra n sferred  t o  h e i f e r s ,  concluded th a t one- to  e ig h t ­
c e l l  cow eggs can su rv iv e  to  develop  norm ally and remain 
v ia b le  a f te r  spending at le a s t  3 t o  4 days in  the rab b it  
o v id u c t. L ik ew ise , they  (149) found th a t th e h ig h est  
su r v iv a l ra te  t o  lambing was ob ta in ed  when eggs were r e -  
tra n sfered  to  r e c ip ie n t  ewes a f t e r  3 days in  ra b b it o v id u c ts .
Short-term  sto ra g e  o f  eggs in  v iv o  makes p o s s ib le  lon g­
d is ta n ce  tran sp ort o f  embryos (6 1 ,1 3 2 ,1 4 8 ,1 5 7 ) .
b * l i i  S torage Above F reezing  Tem peratures.
S torage o f  embryos In v i t r o  would co n tr ib u te  g r e a t ly  to  
s u c c e s s fu l and ro u tin e  a p p lic a t io n  o f  embryo tr a n s fe r  to  
l iv e s to c k  production  by f a c i l i t a t i n g  tran sp ort o f  embryos 
and a id in g  in  syn ch ron iz in g  th e endom etrial d i f f e r e n t ia t io n  
o f th e r e c ip ie n t  w ith  th e developm ental s ta g e  o f  the embryo. 
S evera l s tu d ie s  have been conducted on th e s to ra g e  o f  mam­
m alian eggs in  v i t r o .
Chang (5 9 ,6 0 ,6 2 )  found th a t  u n f e r t i l iz e d  rab b it  
eggs recovered  two hours a f t e r  o v u la tio n  and kept a t  0 C 
fo r  48 t o  72 hours or a t 10 C for  up to  96 hours were s t i l l  
f e r t i l i z e d  a f t e r  t r a n s fe r .  F e r t i l iz a t io n  appeared normal, 
but most o f  th e embryos degenerated  b efore b ir th . Hafez 
(117) rev ea led  mammalian eggs do not undergo fu r th er  c le a v ­
age when sto red  below 20 C, thus th e two-day ra b b it embryo, 
a f t e r  s to r a g e , i s  synchron ized  w ith  r e c ip ie n t s  th a t are  
in je c te d  w ith  LH two days b efore egg tr a n s fe r .  F ive-day  
o ld  ra b b it b la s to c y s t s  were found to  su rv iv e  fo r  a t le a s t  
16 hours a f te r  c u ltu r e  a t 37 C (2 3 4 ). Chang (54) l ik e w is e ,  
found rab b it ova remained v ia b le  a f t e r  144 hours sto ra g e  
at 10 C, but th e  e f f e c t  o f  tem peratures was r e a d ily  n o ticed  
a f te r  sto ra g e  o f  74 hours (5 3 ) . Rabbit embryo can s ta y  
v ia b le  fo r  24 to  48 hours a t  22 to  24 C (5 4 ) .
Anderson and Foote (15) reported  embryos s to red
at 10 C fo r  24 hours were more l ik e ly  to  develop  ra p id ly
when tra n sfe rred  d ir e c t ly  t o  r e c ip ie n t s  fo llo w in g  sto ra g e  
than when th ey  were c u lt iv a te d  a t 37 C fo r  s e v e r a l days 
fo llo w in g  s to r a g e . However, reg a rd le ss  o f  th e  s to ra g e  media 
or sto ra g e  p er io d , lo s s e s  due to  low tem perature were shown 
to  occur p r io r  to  day 12 o f  g e s ta t io n .
Sheep ova cu ltu red  in  heated sheep serum (5 6 ,2 4 5 )  
have been found to  su rv iv e  tr a n s fe r  a f te r  cu ltu r e  fo r  up 
to  72 hours a t 8 C (2 0 ,1 4 3 ). Holding sheep eggs fo r  12
to  60 m inutes a t  room tem perature b efore c o o lin g  a t 10 C
did not a f f e c t  th e ir  su r v iv a l when s to red  fo r  two days 
in  v it r o  (1 4 2 ). In a study on sto ra g e  o f  f e r t i l i z e d  sheep  
ova a t 5 C, Hoore and B ilto n  (179) found d uration  o f  s t o r ­
age or co o lin g  ra te  had no e f f e c t  on the p roportion  o f  ova 
th a t developed to  lambs. Sheep embryos have been a ls o  
sto red  s u c c e s s fu l ly  in  v it r o  fo r  10 days (1 4 4 ).
In c a t t l e ,  th e maximum p eriod  o f  s to ra g e  recorded
thus fa r , from recovery to  tr a n s fe r  i s  s i x  hours. However, 
f e r t i l i z e d  c a t t l e  ova have been s u c c e s s fu l ly  sto red  fo r  up 
to  f iv e  days in  th e o v id u c ts  o f  ra b b its  (2 1 3 ).
Based on the r e s u lt s  from se v e r a l s t u d ie s , the  
optim al tem perature fo r  sto ra g e  o f  mammalian embryos has 
been estim ated  as 5 C for mice (2 2 0 ), 10 C fo r  th e ra b b it
(1 5 ,1 6 ,5 2 ,5 3 ,5 4 ,5 5 )  and 7 C fo r  sheep (1 9 ,1 2 5 ) .
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c .  In V itro  Storage Below P reezing Temperature. 
C ryobiology, th e  s c ie n c e  which d ea ls  w ith  th e  e f f e c t s  o f  
subzero tem peratures on l iv in g  organism s, th e ir  c o n s t itu e n t  
p a rts  and th e ir  products had i t s  beginning n early  300 years  
ago (2 2 7 ), but i t  was on ly  in  1949, th a t i t s  importance in  
l iv e s to c k  production  was r e a liz e d  and a p p rec ia ted . The 
d iscovery  in  1949 by Polge e t  a l . (202) th a t g ly c e r o l would 
prevent th e  damaging e f f e c t s  o f  slow  c o o lin g  and thawing 
on fow l sperm atozoa and red b lood  c e l l s , renewed in te r e s t  
in  banking l iv in g  c e l l s  and t i s s u e s  a t  fr e e z in g  tempera­
tu r es  in  th e  s t a t e  o f  a n a b io s is  or c r y p to b io s is . The d is ­
co v ery , through the use o f  fro zen  semen, g r e a tly  helped in  
r e v o lu t io n iz in g  th e  c a t t l e  breeding in d u stry  during the  
past 25 y e a r s . I f  th e techn ique o f  fr e e z in g  embryos and 
r e la te d  p ro ce sse s  would be r e f in e d , tra n sp la n tin g  frozen  
embryos would be a g ia n t s te p  beyond th e  use o f  frozen  
semen in  a r t i f i c a l  in sem in a tio n .
The f i r s t  report on r e s u l t s  o f  fr e e z in g  eggs was 
made in  1949 by Smith (2 2 4 ), who found th a t n e ith e r  un­
f e r t i l i z e d  nor f e r t i l i z e d  ova su rv ived  fr e e z in g  to  -7 6  C 
in  th e  absence o f  p r o te c t iv e  a g en ts . L a ter , th e  same 
author (2 2 5 ,2 2 6 ) reported  th a t fr e e z in g  ra b b it ova w ith  
g ly c e r o l as p r o te c t iv e  agent was not s a t is f a c t o r y  apparently  
due to  t h e ir  r e la t iv e  im perm eability  to  th e cryogen ic  a g en t.
S u c cess fu l tra n sp la n t o f  eggs taken from o v a r ie s  
kept fo r  months at subzero tem perature had been reported  
(1 9 5 ). D eansley (73) and Parrot (196) dem onstrated
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th a t f o l l i c u l a r  o o cy tes  in  mouse ovarian  t i s s u e  can su rv iv e  
and fu n ctio n  a f t e r  fr e e z in g  to  -79  C in  th e presence o f  
g ly c e r o l .  Sherman and Lin (220) found th a t f e r t i l i z e d  eggs  
are more l ik e l y  to  be damaged by co ld  sto ra g e  than un­
f e r t i l i z e d  o n es.
In a study u sin g  s a l in e  w ith  10 per cen t g ly c e r o l  
as medium, Ferdows and co-w orkers (91) ob ta in ed  pregnancies  
in  two o f  e ig h t  does th a t re ce iv ed  embryos p rev io u sly  
frozen  to  -79  C. However, in  a subsequent experim ent tra n s­
p la n ts  o f frozen  embryos in  e i th e r  p h y s io lo g ic a l s a l in e -  
sk lm m ilk -g ly cero l or blood seru m -g lycero l medium did  not 
r e s u lt  in  any pregnancy, although th e blood seru m -glycero l 
medium appeared su p erior  to  sa lin e -sk im m ilk -g ly c e r o l as 
in d ica ted  by the co n d itio n  o f th e ova a f t e r  fr e e z in g ,  
s to ra g e  and thawing (9 2 ) .
R ecen tly , from a stud y o f  fr e e z in g  rab b it embryos 
in  l iq u id  n itro g en  u sin g  phosphate-buffered  medium with
1 .5  M dim ethyl su lfo x id e  (LtlSO), Whittingham e t  a l .  (265) 
reported  th a t fo u r -  and e i g h t - c e l l  embryos and morulae d id  
not d i f f e r  in  su r v iv a l r a te  when cu ltu red  fo r  72 hours 
a f te r  thawing a t 4 to  22 C/min. H ighest su r v iv a l was 
ob ta in ed  w ith  c o o lin g  and thawing r a te s  o f  0 .7 6  to  0 .86  
and approxim ately 15 C /m in ., r e s p e c t iv e ly .  Four young were 
born from 22 e i g h t - c e l l  embryos tra n sfe rred  to  th e oviduct  
(17%), but none o f the 34 e i g h t - c e l l  embryos cu ltu red  fo r  
48 hours developed in to  l iv in g  young.
In m ice, Sherman (221) found u n f e r t i l iz e d  eggs  
frozen  a t -2 0  C fo r  3 .5  hours in  a medium co n ta in in g  5 per  
cen t g ly c e r o l were f e r t i l i z e d  and y ie ld e d  normal pregnancy 
a f te r  tr a n s fe r . House ova exposed t o  20 to  35 per cent 
g ly c e r o l and co o led  ra p id ly  to  tem peratures as low as 
-196 C became e x te n s iv e ly  shrunken and su bseq uently  f a i le d  
to  devlope (2 2 2 ).
Using a m odified  Dulbecco (80) p hosphate-buffered  
s a l t  s o lu t io n  w ith  7 .5  per cen t p o ly v in y lp y rro lid o n e  (PVP), 
Whittingham (261) found mouse embryos in  th e e i g h t - c e l l  
and b la s to c y s t  s ta g e s  su rv ived  a f t e r  fr e e z in g  to  -79  C 
fo r  30 m inutes. Four o f  19 (21%) and n ine o f  th ir te e n  
(69%) o ffsp r in g  r e su lte d  from tra n sp la n ts  o f  e i g h t - c e l l  
embryos and b la s to c y s t s ,  r e s p e c t iv e ly .  L ater in  a s im ila r  
stud y u t i l i z i n g  2 H o f  g ly c e r o l  and DHSO, Whittingham and 
a s s o c ia te s  (262) reported  su r v iv a l o f  mouse embryos frozen  
to  -196 and -269 C. S u rv iva l requ ired  slow  c o o lin g  (0 .3  
to  2 C /m in.) and slow  warming (4 to  25 C /m in .).
F u ll-term  fe tu s e s  and l i v e  young were ob ta in ed  from 
o n e -, tw o- and e i g h t - c e l l  embryos s to re d  at -196 C fo r  
e ig h t  days (2 6 2 ). More r e c e n t ly , e i g h t - c e l l  embryos were 
sto red  fo r  e ig h t  months at -196 C w ithout any d e te r io r a t io n  
in  v ia b i l i t y  (2 6 3 ,2 6 4 ).
Tecnhique fo r  fr e e z in g  embryos o f some lab oratroy  
anim als i s  r e la t iv e ly  developed , but a r e l ia b le  method
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fo r  preserving  embryos o f  farm animals In the frozen  
s ta te  has not yet been found (2 6 1 ,2 6 2 ,2 6 5 ). Experiments 
to  d efin e  the fa c to r s  which determ ine the su r v iv a l of 
frozen  and thawed p ig , sheep and cow embryos have been 
conducted (203 ).
Embryos were recovered in  phosphate- buffered  s a lin e  
and cooled  to  0 C. P ig  embryos at the e ig h t - c e l l  to  b la ­
s to c y s t  s ta g e s  were a l l  k i l l e d  when cooled  to  0 C at 10 
or 0 .2  C/minute. Death occurred between 10 and 15 C. 
S im ila r ly , a great m ajority  o f e ig h t - c e l l  cow embryos died  
when cooled  to  0 C. In c o n tr a st , cow morulae and sheep  
embryos in  the e i g h t - c e l l  and b la s to c y s t  s ta g e s , a f te r  be­
ing cooled  to  0 C, developed normally in  rab b it o v id u c ts .
The v ia b i l i t y  o f cow morulae which had been cooled  to  0 C
was confirmed by the occurrence o f pregnancy a f te r  tra n sfer
o f  embryos to  nonpregnant r e c ip ie n t s .  However, only two 
o f 26 cow morulae developed a f te r  being cooled  to  -196 C 
at 0 .2  C/min. and warmed at 12 C/min. in  th e presence o f
1 .5  M DMSO.
Mechanisms Involved in  Freezing and Thawing. Mazur
(165) s ta te d  th a t as c e l l s  are cooled  below 0 C, they be­
come su b jec t to  three phenomena: decreasing  tem perature,
form ation o f ic e  c r y s ta ls  and removal o f  fr e e  w ater, th u s, 
in creasin g  the con centration  o f s o lu te s  in s id e  the c e l l s .
As much as 60 to  90 per cent o f the free  water may be r e ­
moved during freez in g  (2 1 6 ). L ikew ise, L itvan (155) reported
th a t on c o o lin g , e x tr a c e llu la r  Ice forms and a vapor p res­
sure I s  crea ted  In sid e  the c e l l  which in crea ses w ith  de­
creasin g  tem perature. A spontaneous process o f water de­
so r p tio n  and subsequent r e d is tr ib u t io n  i s  prompted by the  
non-equilibrium  s t a t e .
The ra te  o f ic e  c r y s ta l form ation and in tr a c e llu la r  
free z in g  i s  g r e a tly  dependent on co o lin g  r a te . D il le r  e t  
a l .  (75) demonstrated the p ro b a b ility  o f  in tr a c e llu la r  
free z in g  i s  zero at co o lin g  r a te s  l e s s  than -6  C/min, 100 
per cent at co o lin g  r a te s  g rea ter  than -17 C/min and v a r ie s  
p ro p o rtio n a te ly  w ith  the co o lin g  r a te s  in  th e in term ediate  
range. Meryman (173) exp lained  that as organisms are s lo w ly  
exposed to  free z in g  tem perature, water fr e e z e s  o u ts id e  the  
c e l l s ,  thereby con centratin g  the so lu t io n  surrounding them. 
C onsequently, water d if fu s e s  out o f  the c e l l  in to  the bath­
ing f lu id ,  r e s u lt in g  to  an in crea se  in  the con centration  
o f s o lu te s  and low ering o f the free z in g  p o in t o u tsid e  the  
c e l l .
S im ila r ly , Mazur (166) s ta te d  i f  c e l l s  are slow ly  
co o led , ic e  c r y s ta ls  may form in s id e  them when temperature 
f a l l s  below -40  C because ic e  c r y s ta ls  o u tsid e  the c e l l  
serve as n ucleators through channels in  the c e l l  membrane 
and induce ic e  form ation in s id e . However, i f  the water 
in s id e  the c e l l  has been reduced to  l e s s  than 10 per cent 
of i t s  o r ig in a l c o n te n t , ic e  c r y s ta ls  w i l l  not form because
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th e  rem aining con centrated  s o lu te  i s  u n c r y s ta l l iz a b le . 
S u rv iva l o f  various c e l l s  s lo w ly  exposed to  low tem perature 
i s  high because slow  c o o lin g  d ecreases th e p r o b a b ility  o f  
in t r a c e l lu la r  fr e e z in g  by p erm ittin g  water to  lea v e  the  
c e l l  ra p id ly  enough to  keep th e protoplasm  at i t s  f r e e z ­
ing p o in t (1 6 3 ).
Rapid c o o lin g  has been a ls o  ap p lied  to  fr e e z in g  of 
some c e l l s .  Rapid fr e e z in g  r e s u lt s  in  th e form ation o f  
sm all ic e  c r y s ta ls  in s id e  as w e ll as o u ts id e  the c e l l s
(1 6 6 ). S to w ell and a s s o c ia te s  (238) found th e b est s tr u c ­
tu r a l p reserv a tio n  o f  n u c le i was a tta in e d  with th e most 
rapid  p o s s ib le  co o lin g  from 0 C to  below -100 C. C onditions 
o f slow  fr e e z in g , which are b e tte r  in  gen era l fo r  p reser ­
v a tio n  o f  chem ical c o n s t itu e n ts  and v ia b i l i t y  o f the c e l l ,  
lea d s to  la rg e  in tra n u clea r  ic e  c r y s ta l  form ation during  
th e frozen  s t a t e  w ith marked d isp lacem ent o f  the nucleoplasm  
in clu d in g  chromatin and n u c le o l i .  Mazur (1 6 2 ), s ta te d  th a t  
u ltr a  rap id  c o o lin g  i s  p r o te c t iv e  on ly  i f  th e  ra te  o f  
subsequent thawing i s  a ls o  u ltr a  ra p id .
A fter both slow  and rapid  fr ee z in g  the nature o f  
th e thawing p rocess proves e s p e c ia l ly  important (1 7 0 ). I f  
the ic e  c r y s ta ls  m elt s lo w ly , the c e l l  w i l l  be exposed to  
a high co n cen tra tio n  o f  e l e c t r o ly t e  at a h igher tem perature 
than th a t ap p lied  during fr e e z in g , a llow in g  fo r  more ready 
d enaturation  o f p r o te in s . A lso , during slow  thawing,
growth o f  Ice c r y s ta ls  e s p e c ia l ly  In sid e  the c e l l s ,  may 
k i l l  them. Thus, even I f  the c e l l  I n i t i a l l y  survived  
fr e e z in g , i t  might s t i l l  be damaged se v e r e ly  on thawing. 
Under co n d itio n s  o f rapid thawing, S tow ell e t  a l . (2 3 8 ). 
observed an amazing r e c o n s t itu t io n  o f the nucleus and in  
some t is s u e s  which were rap id ly  thawed, i t  was d i f f i c u l t  
to  recogn ize any changes other than s l ig h t  clumping o f  
chrom atin.
E ffe c ts  o f  Freezing and Thawing on the C e l l . 
Freezing slow s down some b iochem ical rea c tio n s in  the  
c e l l  (1 6 7 ). For in sta n c e , mammalian eggs do not undergo 
fu rth er  cleavage when stored  below 20 C (117 ). Anderson 
and Foote (15) found th a t development o f tw o -c e ll  rabb it 
embryos was tem porarily  suppressed when stored  at 10 C, 
but n u c le ic  acid  and p ro te in  sy n th eses were not im paired.
Meryman (171) a sser ted  free z in g  i s  harmful because 
i t  removes water from the e x tr a c e llu la r  so lu t io n  and from 
the c e l l s  th em selves. As much as 60 to  90 per cent o f  the  
free  c e l l  water may be withdrawn during free z in g  (2 1 6 ).
In a se n se , death from freez in g  i s  thought to  be eq u iva len t  
to  death from dehydration . L itvan (155) reported in jury  
to  the c e l l  during fr e e z in g  i s  the r e s u lt  o f  dehydration  
at slow  co o lin g  r a te s  and rupture o f the c e l l  membrane at 
rapid f r e e z in g .
According to  Farrant (89) there are a t le a s t  two 
d is t in c t  mechanisms th a t lead  to  damage o f animal c e l l s
during fr e e z in g . One i s  a sso c ia ted  with con cen tration  o f  
so lu te  in  the e x tr a c e llu la r  liq u id  phase as ic e  comes out 
o f so lu t io n  and the second i s  lin k ed  w ith  the form ation  
o f in tr a c e llu la r  i c e .  S im ila r ly , Wood (277) revea led  low 
temperature in a c t iv a t io n  o f the c e l l  i s  caused by damage 
due to  e le c t r o ly t e  con cen tration  during ic e  c r y s ta l  fo r ­
mation and damage due to  ic e  c r y s ta l form ation per s e .  
Furthermore, Mazur (165) reported th a t in  yeast and in  
red blood c e l l s  most o f the fr e e z in g  in ju r ie s  were due to  
concentrated  s o lu te s  and the form ation o f large in tr a ­
c e l lu la r  ic e  c r y s t a ls .  Mazur (162) and Meryman (172) 
affirm ed in tr a c e l lu la r  ic e  form ation i s  the most important 
p h y sica l fa c to r  causing damage and death o f c e l l s  due to  
fr e e z in g .
A number o f  fa c to r s  determ ine whether or not c e l l s  
would be damaged during fre e z in g  and thaw ing. Mazur (164) 
found that the p erm eab ility  p ro p ertie s  o f  the c e l l  membrane 
stro n g ly  in flu en ce  the lik e lih o o d  o f in tr a c e l lu la r  fr e e z ­
in g . When c e l l s  are k i l le d  by fr e e z in g  and thaw ing, the  
perm eab ility  b a rr iers  are alm ost in v a r ia b ly  d isru p ted .
I t  i s  p o stu la ted  free z in g  removes l iq u id  from the c e l l  
membrane, making them so  f r a g i le  th a t they d is in te g r a te  on 
thawing (1 6 5 ). A s ta in in g  technique u su a lly  shows the  
damage on them (1 1 9 ).
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Freezing and thawing r a te s  a lso  p lay  a major ro le  
in  the in ju ry  to  c e l l s  (9 0 ) . During slow  fr e e z in g , ic e  
c r y s ta ls  form e x tr a c e llu la r ly  and the c e l l s  are exposed  
to  in crea s in g ly  hypertonic s o lu t io n s  which render them 
su sc e p tib le  to  damage when a subsequent f a l l  in  tempera­
ture i s  applied  (1 5 6 ). The ra te  o f  co o lin g  determ ines the  
period  o f exposure o f the c e l l  membranes to  the hypertonic  
so lu t io n  and thus the ex ten t o f the induced s u s c e p t ib i l i t y  
to  damage. The redu ction  in  tem perature during slow  fr e e z ­
ing provides the s t r e s s  th a t damages the c e l l ;  one mani­
f e s ta t io n  o f which i s  leak in g  o f  c a tio n s  through this c e l l  
membranes. The reduction  in  temperature a ls o  a llow s more 
ic e  to  form, lead in g  to  an in crea se  in  the h y p erto n ic ity  
that again w i l l  a f fe c t  the c e l l s .  Slow free z in g  thus causes  
thermal shock (9 0 ).
Hypertonic co n d itio n s  not only render the c e l l s  
su sc e p t ib le  to  damage induced by co o lin g  (thermal sh ock ), 
but a lso  allow  fu rth er damage when the s t r e s s  o f d ilu t io n  
(during thawing) i s  a p p lied . P osthyperton ic damage ( d i l ­
u tion  shock) has been ascrib ed  to  an e x c e ss iv e  entry o f  
water due to  the p en etra tion  o f so lu te  m olecu les during  
the hypertonic phase (9 0 ). The slow er th e ra te  o f thawing 
the more damage w i l l  be produced by d ilu t io n  shock, s in c e  
the more time there w i l l  be fo r  membrane changes to  take  
place due to  exposure to  hypertonic co n d itio n s during thaw­
in g .
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Farrant and Morris (90) reported thermal shock 
i s  l e s s  in  rapid freez in g  because l e s s  time i s  a v a ila b le  
fo r  th e hypertonic s o lu t io n s  produced during free z in g  to  
a f fe c t  the c e l l s .  As the ra te  o f  co o lin g  in crea ses there  
w il l  be l e s s  tim e fo r  the c e l l s  to  shrink during c o o lin g .
The c e l l s  are thus p ro g re ss iv e ly  p ro tected  aga in st damage 
caused by thermal shock s t r e s s  during co o lin g  and d ilu t io n  
shock during thaw ing.
The in ju r io u s e f f e c t s  o f  freez in g  and thawing on 
the c e l l  may be minimized by the u t i l i z a t io n  o f  appropriate  
media (3 7 ,1 9 8 ). C oulter and Foote (67) found bovine sperm 
c e l l s  in  l ip id - r ic h  extender had more l ip id  content than  
those in  l ip id - d e f ic ie n t  extender a f te r  fr e e z in g . Egg 
yolk i s  w idely used as one o f  th e components o f  bovine 
semen extenders because o f i t s  phospholip id  co n ten t, par­
t ic u la r ly  phosphatidyl ethanolam ine (cep h a lin ) and phos­
phatid y l ch o lin e  ( le c i t h in )  (1 7 4 ). These are the pre­
dominant p hospholip ids found in  the c e l l  membrane.
Kinds And Functions o f  Cryogenic A gents. The most 
important fa c to r  to  con sid er in  the p reserva tion  o f  embryos 
in  the frozen  s ta te  i s  the use o f  cryogen ic or cryop rotec-  
t iv e  a g en ts . S everal n eu tra l compounds are known to  be 
e f f e c t iv e  in  preventing freeze-thaw  in ju ry  in  a number o f  
c e l lu la r  system s. G lycerol (2 0 ,6 8 ,1 5 0 ,1 8 1 ,1 8 3 ,2 0 2 ,2 2 2 ,2 2 7 ),  
dim ethyl su lfo x id e  (DMSO) (6 6 ,1 8 1 ,2 6 2 ,2 6 3 ,2 6 4 ,2 6 5 ,2 6 6 ,2 7 3 , 
274,275) and p o lyv in y lp yrro lid on e (PVP) (1 7 ,7 6 ,1 8 1 ,2 6 1 ,
273 ,274) have been t r ie d  as cryogen ic a g en ts . Ethylene  
g ly c o l (244) and other compounds (1 7 ,6 6 ,2 7 4 ) have been 
a ls o  used .
According to  Lovelock (1 5 6 ), in  order to  be e f f e c ­
t iv e  cryogen ic agents must be n o n -to x ic , p en etra tin g , 
h y d ro p h ilic , so lu b le  at low temperature and a n o n -e lec ­
t r o ly t e .  The b a s ic  p r in c ip le  involved  in  co o lin g  in  the  
presence o f  n o n -e le c tr o ly te s  such as g ly c e r o l ,  DMSO, and 
PVP i s  to  prevent the con cen tration  o f s o lu te s  in  the 
l iq u id  phase from r is in g  above the normal value (88 ,155 , 
1 5 6 ,2 2 7 ). The le v e l  o f  p r o te c tio n  obtained w ith the use 
o f  the d if fe r e n t  cryogen ic agents depend upon the amount 
used and the c o o lin g  and thawing r a te s .
Meryman (170) reported  g ly c e r o l i s  e s p e c ia l ly  u se­
fu l in  slow  fr e e z in g  procedures. In a study on the e f f e c t s  
o f  free z in g  and thawing on the s tr u c tu r e , chem ical composi­
t io n  and fu n ctio n  o f cytop lasm ic s tr u c tu r e , Trump and 
a s s o c ia te s  (248) found the nature and degree o f  a lte r a t io n s  
depended to  a la rg e  ex ten t on the p r e c ise  type o f freez in g  
and thawing used . C yto log ic  changes a f te r  thawing tended  
to  be minimized w ith  r e la t iv e ly  slow  r a te s  of freez in g  and 
rapid ra te s  o f  thawing p a r t ic u la r ly  in  the presence o f  
g ly c e r o l or DMSO. However, Nash (183) claim ed when c e l l s  
are frozen  w ith g ly c e r o l , the ra te  o f  thawing m atters 
l i t t l e .
Using PVP, b est r e s u lt s  were obtained w ith co o lin g  
and thawing r a te s  o f  20 and 115 C /m in ., r e s p e c t iv e ly  (1 7 ) .  
Morris and Farrant (181) found high con cen tration  o f  
g ly c e r o l and DMSO r e su lte d  to  increased  free z in g  damage 
to  human ery th ro cy tes at fa s te r  co o lin g  r a te s ;  w hile those  
frozen  w ith the use o f  PVP were not se v e r e ly  a f fe c te d .
R esu lts from se v e r a l s tu d ie s  using DMSO in d ic a te  
that slow  co o lin g  and thawing are required fo r  su rv iv a l of 
frozen  embryos (2 6 2 ,2 6 3 ,2 6 4 ,2 6 5 ,2 6 6 ,2 7 3 ,2 7 4 ,2 7 5 ). The 
reason for t h is  phenomenon i s  s t i l l  unknown.
Doebbler and R in fret (76) have shown th a t a lin e a r  
r e la t io n s h ip  e x i s t s  between red blood c e l l  recovery fo llo w ­
ing free z in g  and thawing and th e logarithm  of the number 
o f  p o te n t ia l hydrogen bonding s i t e s  o f  the cryogenic a g en t. 
Hydrogen-bonding s i t e s  serve not on ly  in  p rim arily  binding  
w ater, but a lso  in  forming and s t a b i l iz in g  an extended  
region  o f o r ie n ta t io n  for  water around i t s  m o lecu les. The 
number o f  hydrogen-bonding s i t e s  s tro n g ly  in flu en ce  the  
shape o f the ic e  c r y s ta ls  formed during fre e z in g  (6 6 ,1 5 5 ).
I t  i s  apparent th a t th ere  are d iffe r e n c e s  among 
cryogen ic agents and sp e c ie s  and s ta g es  o f  development in  
the repsonses o f embryos to  c o o lin g . G ly cero l, DMSO and 
PVP have been tr ie d  as cryogen ic a g e n ts , but more research  
are needed to  determine optimum le v e l s ,  e q u ilib r a t io n  tim e, 
co o lin g  and thawing r a te s  when they are used .
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6 , Synchronization o f E strus
One o f the l im ita t io n s  o f the development o f  
embryo tra n sfe r  to  a s ta g e  comparable with a r t i f i c i a l  insem ina­
t io n  i s  the e s s e n t ia l  syn ch ron ization  o f th e e s tro u s  c y c le s  
o f the donor and the r e c ip ie n t . The importance o f having  
th e  donor and the r e c ip ie n t  synchronized was f i r s t  care­
f u l ly  documented by Chang (5 8 ) , and s in c e  confirm ed in  
other s tu d ie s  (6 5 ,2 0 7 ). Several methods have been used to  
co n tro l the time o f e s tr u s  and o v u la tio n  in  donors and 
r e c ip ie n t s .
In r a b b its , r e c ip ie n ts  are ovu lated  synchronously  
with the donors by mating them w ith a vasectom ized buck 
(235,236) or by in je c t in g  them in traven ou sly  w ith 15 IU o f  
HCG (117). The in je c t io n  o f HCG mimics cop u la tion  in  the  
rabbit by inducing o v u la tio n . R abbits ovu la te  10 to  13 
hours a f te r  s t e r i l e  cop u la tion  or in je c t io n  o f HCG or LH 
(1 2 2 ,1 2 4 ,1 2 8 ,2 5 3 ).
I f  the r e c ip ie n ts  o vu la te  e ith e r  one day before  
or two days a f te r  the donors, b la s to c y s t  tr a n s fe r  has l i t t l e  
chance o f su ccess (5 8 ). Adams (10) reported th a t develop­
ment o f rabb it embryos f a i l s  e a r l ie r  as the degree o f  
asynchrony in c r e a se s . In asynchronous tr a n s fe r , th e m ajority  
o f the lo s s  o f embryo occurs before th e la te  b la s to c y s t  
sta g e  due to  exp u lsion  from or d estru c tio n  in  the uterus  
or to  sub-optim al co n d itio n s lim it in g  b la s to c y s t  expansion  
(1 2 ). In mouse, synchronizing the reproductive c y c le  o f
the r e c ip ie n t  w ith the sta g e  o f development o f the eggs 
tra n sferred  has been a lso  found necessary  (3 0 ),
Synchronous o v u la tion  in  swine may be induced by 
intram uscular in je c t io n  o f 500 IU o f HCG during la t e  
p roestru s (8 3 ,1 3 3 ). Dzuik and co-worker (83) reported  
o ra l ad m in istration  o f progestogens w i l l  a ls o  co n tro l 
o v u la tio n , but for optimum f e r t i l i t y  g i l t s  should be used  
as r e c ip ie n t  at the spontaneous heat occurring 21 days 
l a t e r .
Webel e t  a l .  (255) found th a t in  sw in e, days 5 and 
6 were the optim al tim es fo r  synchronous tra n sfe r  o f  em­
bryos as measured by the su rv iv a l o f  tra n sp la n ts  in  the  
r e c ip ie n t  at 30 days. Days 7 and 8 appeared too la t e  fo r  
tra n sp la n ts  to  su rv iv e  and day 4 may have been too ea r ly  
in  the c y c le  fo r  optim al s u r v iv a l.
In sheep , onset o f  e s tr u s  in  donor and r e c ip ie n t  
must a lso  be c lo s e ly  synchronized in  order to  ob ta in  max­
imal su rv iv a l o f tran sferred  eggs (1 9 ,1 3 1 ,1 7 7 ). Rowson 
and Moor (207) obtained 75 per cent pregnancies in  a l l  
r e c ip ie n ts  when syn ch ron ization  was e x a c t . A high pro­
p ortion  o f  pregnancies were a lso  achieved when the onset 
of e s tr u s  in  the r e c ip ie n t  d iffe r e d  from th a t o f the donor 
by  ^ 2 days. However, only 8 per cent o f the r e c ip ie n ts  
became pregnant when th e ir  onset o f  e s tr u s  d iffe r e d  from 
those o f  the donors by * 3 days.
E strus was s u c c e s s fu lly  co n tro lle d  by d a lly  In­
j e c t io n  o f 5 to  10 mg o f progesterone for  12 to  14 days. 
Ewes ex h ib ited  e s tr u s  2 to  3 days a f te r  withdrawl o f  
treatm ent (1 7 8 ).
Synchronization o f  e s tr u s  in  the donor and the  
r e c ip ie n t  i s  c r i t i c a l  in  cows. S u ccessfu l embryo tr a n sfe r  
in  c a t t l e  in crea ses  i f  the degree o f synchron ization  f a l l s  
w ith in  p lus or minus 12 hours. M ichelsen (175) suggested  
s ix  p o ss ib le  methods o f synchronizing e s tr u s  in  cows as 
fo llo w s: 1 ) en u c lea tio n  o f  the corpus luteum, 2 ) withdrawal 
o f progestogen treatm ent, 3) s tim u la tio n  o f  r e le a s in g  fa c ­
to r s  from the hypothalamus to  cause endogenous r e le a s e  of  
LH and FSH, 4) p rostag lan d in  treatm ent, 5) freez in g  o f  
f e r t i l i z e d  ova u n t i l  the r e c ip ie n t  i s  a v a ila b le  and 6 ) 
m aintaining a large  herd o f r e c ip ie n t  anim als.
E nucleation  o f  the corpus luteum by manual pressure  
ap p lied  per rectum i s  an e f f e c t iv e  method o f estro u s  
syn ch ron iza tion , but on ly  during the phase o f the estro u s  
c y c le  when th e corpus luteum i s  d is c r e te  and fu n ctio n a l 
(2 1 ). This in  e f f e c t  l im it s  i t s  u se fu ln ess  to  the tim e 
between the 6th  and 16th day o f  the e stro u s c y c le .  A lso, 
the method i s  im p ractica l because of the danger o f  hemorrh­
age and adhesions (1 7 5 ). E strus u su a lly  occurs 3 days 
a f te r  en u clea tio n  o f the corpus luteum.
The c la s s ic  means o f con tro l o f e s tr u s  in  c a t t le  
has been through the withdrawal o f the in h ib ito ry  e f f e c t
o f progesterone or a d e r iv a tiv e  about 3 to  6 days before  
the d esired  heat d a te . D aily  in je c t io n  o f 50 mg o f  pro­
gesteron e in  o i l  beyond the end o f th e lu te a l  phase delays  
e s tr u s  u n t i l  about 5 days a f te r  la s t  in je c t io n  (2 1 ,8 2 ) .  
In je c tio n  o f 150 mg o f progesterone every th ird  day i s  
a lso  e f f e c t iv e ,  but the in te r v a l between the la s t  in je c t io n  
and e s tr u s  i s  lengthened s l i g h t ly  to  about 6 days.
P rostag lan d in s, complex compounds derived  from 
prostanoic a c id , a twenty carbon fa t ty  acid  have been used 
fo r  e stro u s syn ch ron ization  in  c a t t le  during the past few 
years (1 7 5 ,2 1 4 ). The p rostaglan d in  o f g r e a te s t  in te r e s t  to  
workers in  reproductive p hysio logy  i s  p rostagland in  F-2 
alpha (PGF2«C). This compound appears to  be a p h y sio lo g ic  
lu te o ly s in .  L u teo ly sin  produced by the u teru s, causes de­
s tr u c t io n  o f the corpus luteum of the c y c le  when the animal 
does not become pregnant. In je c t io n s  o f PGF^C cause 
lu t e o ly s i s  and syn ch ron ization  o f e s tr u s  in  c a t t l e  and 
sh eep .
Rowson and a s so c ia te s  (214) reported adm inistra­
t io n  o f 0 .5  mg P G F g^ d irectly  in to  th e u teru s a f te r  day 4 
o f the es tr o u s  c y c le  i s  an extrem ely e f f e c t iv e  method o f  
estro u s  in du ction  and thereby syn ch ron iza tion . F e r t i le  
e s tr u s  normally occurs on the 3rd day a f te r  treatm ent. The 
use o f p rostagland in  in  c a t t le  for es tro u s  synchron ization  
should com pletely  supersede the use o f progestogens (2 1 4 ).
Storage o f  embryos in  the frozen  s ta te  for  long  
period  o f  time would be a key fa c to r  in  estro u s synchroniza­
t io n  and embryo tra n sp la n ta tio n . At p resen t, the most com­
monly used a lte r n a t iv e  to  hormonal syn ch ron ization  i s  to  
have a v a ila b le  a la rg e  herd o f  r e c ip ie n t  cows in  which the  
e s tr o u s  c y c le  o f  each i s  c a r e fu lly  recorded. Thus, at any 
tim e a group o f  r e c ip ie n ts  whose tim e o f e s tr u s  w il l  co ­
in c id e  with that o f  the donor can be s e le c te d .
In a study on syn ch ron ization  requirem ents for  egg 
tr a n sfe r  in  cows, Rowson e t  a l .  (213) obtained pregnancy 
r a te s  o f  0, 30 , 5 2 .2 , 9 1 .1 , 5 6 .5 , 40 and 20 per cent where 
th e  degree o f syn ch ron ization  o f the r e c ip ie n t  in  r e la t io n  
to  the donor was -3 ,  -2 , -1 ,  0, +1, +2 and +3 d ays, re ­
s p e c t iv e ly . The r e s u lt s  in d ic a te  that even w ith a v a r ia tio n  
o f ± l  day, there was an appreciab le f a l l  in  the percentage  
o f animals which became pregnant; su g g estin g  there must be 
a rap id ly  changing requirement in  the u terus for  embryo 
s u r v iv a l .
The degree o f  syn ch ron ization  i s  designated  "O'1 
or exact when the donor and the r e c ip ie n t  show e s tr u s  on 
the same day. The symbol +1, +2, or +3 i s  used when the  
r e c ip ie n t  shows e s tr u s  1, 2 , or 3 days before the donor. 
C onversely, when the r e c ip ie n t  shows e s tr u s  1 , 2 or 3 days 
a f te r  th e donor, the symbol - 1 ,  -2  or -3  i s  used. A de­
gree o f v a r ia tio n  from exact syn ch ron ization  o f t  2 days 
can be to le r a te d  (1 8 7 ,2 0 9 ,2 1 1 ).
7 . "Embryonation1’ or Embryo Transfer
Dickman (74) c l a s s i f i e d  ova or embryo tr a n sfe r  
in to  three c a te g o r ie s  according to  who th e r e c ip ie n t  i s ,  
namely; 1 ) a u to tran sfer  -  when eggs are tra n sferred  to  the  
same in d iv id u a l from whom they were recovered , 2 ) homo­
tra n sfe r  -  eggs are tra n sferred  to  another in d iv id u a l o f  
the same s p e c ie s ,  and 3) h etero tra n sfer  -  when eggs or 
embryos are tra n sferred  to  an animal o f another s p e c ie s .
Method o f  Embryo Transfer
a> S u rg ica l Method. Embryos may be tra n sferred  
to  r e c ip ie n ts  e ith e r  by su r g ic a l or nonsurgical methods. 
Surgica l approaches are through flan k  (2 4 ,2 5 ,1 1 7 ,1 7 5 ) or 
m idventral (1 9 ,8 4 ,1 2 1 ,1 3 4 ,2 7 0 ) in c is io n s ,  depending on the  
s p e c ie s  involved  and the p reference o f the in d iv id u a l per­
forming the o p era tio n s. Avis and Sawin (25) developed a 
su rg ic a l technique o f embryo tra n sfe r  in  r a b b it , where 
b ila t e r a l  in c is io n s  approxim ately two in ch es in  len g th  
were made v e n tr a lly  over the o v a r ies  and o v id u c ts . Others 
(65 ,117) a lso  p refer  flank  in c is io n  because i t  makes the  
ov id u cts e a s ie r  to  f in d  and minimizes th e ir  d istu rb an ce.
In sheep and sw in e , m idventral laparotom ies are 
routine and requ ire a minimum of su r g ic a l in ter feren ce  (19, 
8 4 ,1 2 1 ). Flank or m idventral in c is io n s  have been fo llow ed  
in  the tra n sfer  o f  bovine embryos (2 4 ,2 7 ,1 7 5 ,2 7 0 ). The 
disadvantage o f using m idventral in c is io n  i s  the usual 
need fo r  general a n esth e s ia , which may in te r fe r e  with some
p h y s io lo g ic a l p ro cesses  in  the body. However, tr a n s fe r  
i s  made e a s ie r  because maximum r e la x a t io n  o f the r e c ip ie n t  
i s  a t ta in e d .
In c is io n  s i t e  in  fla n k  laparotomy i s  the l e f t  or 
r ig h t  paralumbar fo s s a , which i s  shaved and s t e r i l i z e d  
p r io r  to  su rgery . The s i t e  i s  a n e sth e tized  by u sing  a 
com bination o f p araverteb ra l and in fu s io n s  and lo c a l  
i n f i l t r a t i o n  or by lo c a l in f i l t r a t i o n  alone o f th e  in c is io n  
s i t e  (2 7 ) . The drawback in  u sing  flan k  in c is io n  i s  the  
inadequate r e la x a t io n  o f  th e r e c ip ie n t ,  e s p e c ia l ly  in  
h e if e r s ,  and i t  i s  th e re fo re  d i f f i c u l t  to  p u ll the u terus  
up and acro ss  to  the in c is io n .  This causes d i f f i c u l t i e s  
in  d e p o s it in g  the embryos in to  th e u ter in e  lumen (2 7 ) .
Embryos may be d ep o sited  e ith e r  in  the ov iduct 
or u ter in e  horn o f the r e c ip ie n t ,  depending on th e ir  s ta g e  
o f  development when recovered  from the donor. Embryos r e ­
covered from the oviduct must be tra n sferr ed  to  the ov id uct  
and those taken from the u teru s must be d ep o sited  in  the  
u teru s o f the r e c ip ie n t .  Embryos in  the tw o -c e ll  up to  
the morula s ta g e s  are recovered  in  the ov iduct 24 to  72 
hours a f t e r  m ating. B la s to c y s ts  are found in  the u ter in e  
horn as e a r ly  as th e fou rth  day a f te r  mating (8 4 ).
Upon laparotom y, the reprodu ctive tr a c t  i s  exposed  
and the o v a r ie s  examined fo r  th e presence o f  corpus luteum . 
In c a t t l e ,  the embryo i s  tra n sferred  to  the ov id uct or horn 
whose ovary co n ta in s the corpus luteum . Another embryo i s
p laced  in  the o th er horn i f  tw ins are d esired  (2 1 0 ). The 
is o la te d  eggs to  be tra n sferred  are drawn up in to  a f in e  
p o lish ed  p ip e tte  w ith a minimum volume o f medium. The 
p ip e tte  i s  d irec ted  in to  the oviduct through the fim bria  
or a very sm all puncture wound in  the u ter in e  horn. The 
eggs and f lu id  are ex p e lled  when the p ip e tte  i s  in  the  
lumen o f the u teru s.
S ta p les  (236) employed two ways o f tra n sfe rr in g  
rab b it b la s to c y s ts  in to  the u ter in e  horn o f  r e c ip ie n t s .
In one method, a sta b  wound i s  made near the tu b o -u ter in e  
ju n c tio n , where the p ip e tte  i s  in se r te d  and threaded to ­
ward the c e r v ic a l end to  a depth such th a t the b la s to c y s t  
i s  about one h a lf  inch down the horn. B la s to c y s ts  are 
d ep osited  by gradual withdrawal o f  the p ip e tte  with sim ul­
taneous d ep ression  o f  th e bulb , so  th a t they do not tr a v e l  
in  u te ro . S im ilar method has been a ls o  advocated by Avis 
and Sawin (2 5 ) . A second method o f b la s to c y s t  tr a n s fe r  
used s a t i s f a c t o r i l y ,  c o n s is te d  o f a sta b  wound on the v a g i­
nal w a ll. The p ip e tte  i s  in ser ted  through th e wound and 
threaded through the ce rv ix  in to  the u teru s.
Rowson (212) found i t  e a s ie r  to  tr a n sfe r  embryos 
to  the u terus than to  th e o v id u c t. The uterus to  uterus  
tr a n sfe r  o f fe r s  the p o s s ib i l i t y  o f  a com bination o f su r­
g ic a l  and nonsurgical approaches, and holds the most promise 
for  p r a c t ic a l egg tra n sfe r  (9 4 ) . In c a t t le  W ille t e t  a l . 
(2 6 7 ,2 7 0 ), Avery and a s s o c ia te s  (24) and Rowson and c o -
workers (209) have reported  s u c c e s s fu l tra n sp la n ta tio n  o f  
f e r t i l i z e d  e g g s  u sing su r g ic a l methods.
b. N onsurgical Method. Many attem pts were made to  
tr a n sfe r  bovine embryos by n onsu rgica l method (7 7 ,8 1 ,8 2 ,1 0 6 , 
2 0 8 ,2 0 9 ), but few su c c e sse s  have been obtained (182 ,240 , 
24 2 ). Mutter and a s s o c ia te s  (182) were th e f i r s t  to  report 
su ccess  in  n onsu rgica l tr a n sfe r  o f bovine embryo. The 
method used was s im ila r  to  th a t o f  in sem in ation . Embryo 
w ith minimum amount o f f lu id  was drawn up in to  the ca th eter  
and d ep osited  in  th e uterus through the cerv ix  o f  synch- 
ro n iz ed -n a tu ra lly  in  heat r e c ip ie n t .
One problem w ith  nonsurgical tr a n sfe r  through the  
ce rv ix  i s  ex p u lsio n  o f  the embryo in to  the vagina a f te r  
tr a n s fe r . Harper e t  a l .  (123) reported  th a t " a r t i f i c ia l  
ova" in ser ted  n o n su rg ica lly  in to  the u terus were ex p e lled  
m inutes a f te r  d e p o s it io n . C onsequently, Hafez and Sugi 
(106) d ev ised  a technique o f bypassing the cerv ix  and in ­
f la t in g  the u terus w ith carbon d io x id e . The apparatus 
c o n s is te d  o f  th ree  p la s t ic  tubes which f i t  one in s id e  the  
o th e r . The ou ter tube secu res and lead s the middle tube 
to  the a n te r io r  fo rn ix  o f the vag in a . The middle tu b e, 
attached  to  a long hypodermic needle w ith a sharp t ip  i s  
passed through the vag in a l w a ll at th e fo r n ix , bypassing  
the cerv ix  in to  the u ter in e  lumen by manual guidance per 
rectum. In a d d itio n , i t  has a cock on the op p osite  end 
to  take in  carbon d io x id e . The purpose o f  the middle tube
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i s  to  a id  in  lo c a tin g  th e u ter in e  lumen by in s u f f la t io n  
of carbon d iox id e  from the need le t ip  and to  guide the  
inner tube in to  the u ter in e  lumen. The inner tu b e, in  
which the embryos are passed through, i s  f i t t e d  w ith a 
hypodermic need le w ith a blunt t i p .  The blunt needle i s  
passed through the sharp need le in to  th e u ter in e  lumen to  
d ep osit the embryos.
Sugie (240) obtained  two prenancies w ith th is  
method, and one r e su lte d  in  a l iv e  c a l f .  A lso , Rowson and 
Moor (208) reported su ccess  w ith carbon d iox id e  in f la t io n  
o f the u te ru s . Oguri and Tsutsumi (186) attempted to  apply  
the same method in  horses f i r s t  w ithout su c c e s s . Later 
they obtained  40 per cent su ccess  w ith the method (1 8 7 ).
Six ui 15 r e c ip ie n ts  gave b ir th  to  f o a ls .
B eatty (28) reported  b ir th s  r e su lte d  from nonsur­
g ic a l tr a n sfe r s  o f mouse embryos, but the percentage o f  
su ccess was low. Marsk and Larsson (160) and Vickery e t  
a l .  (251) reported s im ila r  degree o f su ccess  w ith nonsur­
g ic a l tr a n sfe r  in  mice and r a t s ,  r e s p e c t iv e ly . One p o ss ib le  
exp lan ation  for  the low su ccess  in  nonsurgica l tran sp lan t  
i s  th a t u ter in e  co n tra ctio n s exp el the embryos v ia  the  
vagina (2 8 ) .
Rowson and Moor (208) s ta te d  the d i f f i c u l t y  in ­
herent in  the technique o f n onsurgica l tr a n sfe r  o f  bovine 
embryos i s  a ttr ib u ted  to  at le a s t  two cau ses: namely, 
u ter in e  in fe c t io n  and exp u lsion  o f the embryos v ia  the cerv ix
in to  the vagina. S im ila r ly , Hafez (104) revea led  attem pts 
to  tr a n sfe r  embryo through th e ce rv ix  were m ostly unsuc­
c e s s f u l ,  p o ss ib ly  because o f the in tro d u ctio n  o f a ir  in to  
th e uterus during the lu te a l  phase and the subsequent in ­
duction  o f pyometra. Oguri and Tsutsumi (1 8 6 ), Rowson e t  
a l .  (206) and Sugie (240) a ls o  ascrib ed  the low percentage  
o f su ccess  in  n onsurgical tr a n s fe r  to  ex p u lsio n  of the  
tra n sferred  embryo through the c e r v ix . Harper and a s s o c i­
a te s  (123) concluded that one o f the reasons for  the fa i lu r e  
o f n onsurgical embryo tr a n sfe r  in  the cow i s  e j e c t io n  o f  
the embryo about one and a h a lf  hours a f te r  d ep o sit io n  in  
th e u teru s . This may be due to  stim u la tio n  o f the cerv ix  
at the tim e o f th e tra n sfe r  which causes r e le a s e  o f oxy toc in  
from the p itu ita r y  gland and consequently  u te r in e  contrac­
t io n s  .
B. F actors A ffec tin g  S u rvival Of Embryos A fter Transfer
A ll the s te p s  in volved  in  the tr a n s fe r  o f embryos 
may co n tr ib u te  to  fa i lu r e  or su ccess  in  th e o v e r a ll  te c h n i­
que. In a d d itio n , o ther fa c to r s  have been a ls o  reported to  
a f fe c t  su r v iv a l o f  embryos a f te r  tra n sfe r  (8 9 ,9 7 ,1 7 7 ).
1 . S ite  o f Transfer
A v e r ill  and Rowson (19) reported  tr a n sfe r  o f  6 -  to  
1 6 -c e l l  sheep embryos to  the u ter in e  horns r e su lte d  to  83 
per cent lambing, w hile tr a n sfe r  o f  2 -  to  4 - c e l l  embryos 
in to  the oviduct y ie ld ed  only 40 per c e n t . S im ila r ly ,
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Moore and Rowson (177) found u ter in e  horns to  be more
su c c e s s fu l s i t e s  fo r  su r v iv a l o f tra n sferred  eggs than 
the F a llop ian  tu b e . However, in  a la t e r  study i t  was 
demonstrated th a t tu b a l tr a n sfe r s  were s ig n if ic a n t ly  
(P < 0 .0 5 )  more s u c c e s s fu l than u ter in e  tra n sfe r  in  the  
number o f ewes which lambed (1 7 8 ).
2 . Number o f Embryos Transferred
I t  has been reported  th a t in  p olytocous s p e c ie s ,  
su rv iv a l o f  embryos i s  a f fe c te d  by the number o f embryos 
tra n sferred  (9 ,1 0 4 ,1 0 5 ,1 1 6 ). But, Adams (5) found preg­
nancy ra te  in  rab b it was not in flu en ced  e ith e r  by th e num­
ber o f eggs tra n sferred  or whether the tr a n sfe r  was u n i­
la t e r a l  or b i la t e r a l .  In stea d , i t  was su ggested  th a t on ly  
young, mature fem ales should  serve  as r e c ip ie n t  because in  
o ld er  does the a b i l i t y  to  o vu la te  h ea lth y , v ia b le  ova out­
la s t s  the a b i l i t y  o f  the u teru s to  m aintain a pregnancy 
(6 ) .
R ecen tly , Adams (9) reported  th a t only 20 per cent 
o f  the does re c e iv in g  one embryo m aintained pregnancy to  
term compared w ith 87 per cen t o f th ose  w ith two tr a n sp la n ts . 
I t  was concluded, th a t ir r e s p e c t iv e  o f breed and o v u la tion  
r a te , two embryos are normally required  to  prevent reg res­
s io n  o f  corpus luteum on about the 17th day o f  pregnancy. 
Hafez (1 1 6 ), lik ew ise  revea led  th a t a minimum o f two em­
bryos i s  required fo r  f e t a l  su r v iv a l and normal p a r tu r it io n .
Hafez (114) found th at the number of Im plantation  
exerted  more e f f e c t  on the number o f  v ia b le  fe tu se s  per horn
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than the number o f v ia b le  o ffsp r in g  per l i t t e r .  I t  has 
been a ls o  found th a t the e n t ir e  l i t t e r  fa i le d  to  su rv ive  
when the number o f  im plantations on the 8th  day was le s s  
than four (105).
3 . Degree o f E strus Synchronization  
One o f the most important fa c to r s  th a t a f f e c t  su r­
v iv a l o f embryos in  the r e c ip ie n t  i s  the degree o f e s tr u s  
syn ch ron ization  between th e donor and the r e c ip ie n t .  Var­
ia t io n s  from exact syn ch ron ization  o f t  2 days can be 
to le r a te d  in  some s p e c ie s ,  but beyond t h i s ,  few pregnancies  
occur (2 0 9 ,2 1 1 ). Some ev id en ces in d ic a te  th a t the n e c e s s ity  
fo r  syn ch ron ization  o f  e s tro u s  c y c le s  between donor and 
r e c ip ie n t  i s  more c r i t i c a l  in  c a t t le  than in  sheep (1 9 ,8 2 , 
2 0 9 ). R esu lts show that a v a r ia tio n  o f  * 1 day can in ­
flu en ce  pregnancy r a te s  fo llo w in g  egg tr a n s fe r  in  the cow,
j *
whereas i t  req u ires a v a r ia tio n  o f  -  2 days to  produce a 
s im ila r  e f f e c t  in  th e sheep .
In r a b b it s , Chang (58) found b la s to c y s t  tr a n sfe r  
had l i t t l e  chance o f  su ccess  when the r e c ip ie n ts  ovu lated  
e i th e r  one day before or two days a f te r  the donors. Re­
c e n t ly , Adams (12) reported embryos up to  3§ days younger 
than the corpus luteum were lu te o tr o p ic a lly  com petent, but 
those 5^ days younger were not capable o f s u r v iv a l.
Some of the other fa c to r s  th a t may a f fe c t  su rv iv a l  
o f tran sp lan ted  embryos are s t a te  o f development, the  
p h y sica l and chem ical p ro p ertie s  o f the storage media, the
storage tem perature, the ra te  o f  co o lin g  and rewarming o f  
frozen  embryos and the technique o f  sto ra g e  and tr a n s fe r .
CHAPTER I I I
MATERIALS AND METHODS
A. Care o f Experim ental Animals
This experiment was conducted at the Small Animal 
Laboratory o f  the Department of Dairy S c ie n c e , Louisiana  
S ta te  U n iv ers ity , Baton Rouge, L ou isiana . A t o t a l  o f 120 
fem ales and 10 males o f m ostly New Zealand White and Dutch- 
B elted  ra b b its  were used in  the stu d y . S ix ty  fem ales were 
u t i l i z e d  as donors at le a s t  once, and another 60 were used  
as r e c ip ie n ts  two to  three t im es . The anim als were caged 
s in g ly  in  a c le a n , p r o p e r ly -lig h ted  and w e ll-v e n t ila te d  
room. P e lle te d  rab b it feed  and c lean  drinking water were 
made a v a ila b le  to  the animals at a l l  tim es. Other recom­
mended management p r a c t ic e s  fo r  ra b b its  were fo llow ed , 
along w ith a se p tic  laboratory procedures (2 5 ,1 9 4 ,2 3 5 ).
B. Experimental Design
Two methods o f recoverin g  embryos (su r g ic a l and 
s la u g h te r ) , th ree  recovery p eriods (24, 48 and 96 hours 
a f te r  m ating), two media (p h y sio lo g ic  sa lin e-seru m  and 
phosphate-buffered  sa lin e-seru m ) and th ree  cryogen ic agents  
(no cryogen ic , g ly c e r o l and dim ethyl s u lfo x id e )  were the 
treatm ents involved  arranged as a (2 x 3) x ( 2 x 3 )  s p l i t  
p lo t  in  a com pletely  randomized d esig n , w ith the two methods 
and three recovery periods as main p lo t  and th e two media 
and three cryogen ics as s p l i t .  T h irty  donors were randomly
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assigned  to  each o f the two recovery methods and then  
10 donors under each recovery method were a llo te d  l ik e ­
wise at random to  each o f the three periods at which 
embryos were recovered .
The t o t a l  number o f normal embryos recovered from 
each donor was randomly is o la te d  in to  two equal groups to  
represent the two experim ental media. Then the embryos 
for  each media were randomly subgrouped eq u a lly  in to  three  
to  be a llo te d  to  the three cryogen ic trea tm en ts. A minimum 
o f s ix  normal embryos from a donor was required to  com plete 
the s ix  treatm ent com binations in  t h is  p ortion  o f  the stu d y .
C. L im itations Placed on the Data
A number o f l im ita t io n s  or r e s t r ic t io n s  were im­
posed on some o f the data used in  the stu d y . F ir s t ,  a l l  
donors found with in a c t iv e  or in fa n t i le  o v a r ies  upon surgery  
or slau gh ter  were not in clu d ed . Secondly, donors that had 
adhesions in  some areas o f the oviduct or u terus were 
e lim in a ted . T h ird ly , donors th at had le s s  than s ix  ovu la­
t io n  p o in ts  and l e s s  than s ix  embryos recovered were not 
included  in  the data to  eva lu a te  the e f f ic ie n c y  o f  the two 
recovery methods.
D. Preparation o f B u ffer , Culture and Freezing Media
B u ffe r s . Stock so lu t io n  o f  each b u ffer  was pre­
pared. To make one l i t e r  o f p h y sio lo g ic  s a l in e ,  8 .92  grams 
o f sodium ch lo r id e  were weighed, p laced in  a 1000 -ml
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volum etric f la s k  and d isso lv e d  in  500 ml o f g la s s - d i s t i l l e d  
w ater. The volume was made up to  one l i t e r  by adding more 
d i s t i l l e d  water a f te r  the s a l t  had been com pletely  d is s o lv ­
ed . The so lu t io n  was tra n sferred  in to  500-ml sto ck  s o lu ­
t io n  b o t t le s ,  la b e led  and s t e r i l i z e d  in  an a u to c la v e .
Phosphate-buffered  s a lin e  (PBS) was prepared accord­
ing to  the method o f Dulbecco and Vogt (8 0 ) . The chem icals  
used were 8 .0  g NaCl, 0 .2  g KC1, 1 .15  g Na2HP04 and 0 .2  g 
KH2PO4 , which were put in  a 1000 -ml volum etric f la s k  and 
d isso lv e d  w ith 500 ml o f d i s t i l l e d  w ater. The volume was 
made up to  800 ml when the compounds were com pletely  d is ­
so lv e d . The so lu t io n  was tra n sferred  in to  500-ml b o t t le s  
and la b e led  as so lu t io n  "A". In a d d itio n , 0 .1  g CaCl2 and
0 .1  g MgCl . 6Ho0 were weighed, and p laced  in  separate  
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100 -ml f la sk  and d isso lv e d  in  d i s t i l l e d  water to  make 100 ml 
o f s o lu t io n s . The CaCl2 and MgCl . 6H20 s o lu t io n s  were 
tra n sferred  in to  separate b o t t le s  and la b e led  as so lu t io n s  
"B" and "C", r e s p e c t iv e ly .  S o lu tio n s A, B and C were 
s t e r i l i z e d  se p a ra te ly  in  an a u to c la v e . When coo led  they  
were mixed, tra n sferred  in to  500-ml sto ck  s o lu t io n  b o t t le s  
and la b eled  as PBS. Table 1 shows the com position and 
osm olarity  o f the b u ffers used in  the stu d y .
T ab le  1 . C om p osition  and o s m o la r ity  o f  th e  b u f f e r s  u sed  in  t h i s  s tu d y .
B u f f e r s
In gred ien ts P h y s io lo g ic  s a l in e  Phosphate-buffered  s a lin e
Mol. Wt. g /1  mM Mosmola Mol. Wt. g /1  mM Mosmol
NaCl 58 .4 8 .92  152.74 305.48 58 .4 8 .0 0 136.99 273.97
KC1 74 .6 0 .2 0 2 .6 8 5.36
NaHP04 118 .9 1 .1 5 9 .67 19.34
KH2P° 4 136.1 0 .2 0 1 .47 2.94
CaCl2 110.9 0 .1 0 0 .9 0 1 .80
MgCl2 . 6H20 9 5 .2 0 .1 0 1.05 2 .1 0
D is t . H2 0 , ml 1000 1000
T otal 305.48  305.51
a M illio sm o ls .
2 * O sm olarity. The molar con cen tration  o f each  
component o f  the b u ffers was c a lc u la te d  as f o l lo w s :
M olarity (M) = °* S o lu te  Per L iter  o f S o lu tio n
M olecular Weight
The m olarity  m u ltip lie d  by 1000 g iv e s  the con cen tration  o f  
each component in  m illim o ls . The osm olarity  o f  each com­
ponent was computed by m u ltip ly in g  i t s  m illim o la r  concen­
tr a t io n  by the number o f ion s produced when the compound 
i s  io n ize d . Complete io n iz a t io n  was assumed for a l l  the  
s a l t s  used in  the study (3 5 ) . Thus, NaCl y ie ld s  two io n s ,  
Na+ and Cl” when com pletely  io n iz e d . The osm olarity  o f  
305.48 m illio sm o ls  o f  th e p h y s io lo g ic  s a l in e  in  the study  
i s  e s s e n t ia l ly  equal to  the sum o f the osm olarity  (305.51  
m illio sm o ls )  o f  the in d iv id u a l components of the phosphate- 
buffered  s a lin e  (PBS). Again, the osm olarity  o f  PBS was 
ca lcu la te d  based on the assum ptions o f  com plete io n iz a t io n  
o f the components and no in te r a c t io n  between the d iffe r e n t  
ions or between ion s and other p a r t i c l e s .
2 * Culture and F reezing Media. The media used in  
the study for  the cu ltu re  and free z in g  o f  embryos are pre­
sented  in  Table 2 . P h y sio lo g ic  s a l in e  p lus serum and 
phosphate-buffered  s a lin e  p lus serum were the two media 
used. In each media, sub-media "A” and ’’B” were prepared. 
The "A” p ortion s were composed o f 50 ml o f the correspond­
ing b u ffer  (p h y sio lo g ic  s a l in e  or phosphate-buffered  
s a l in e )  p lus 50 ml o f in a c t iv a te d  horse serum and one ml
Table 2 . Percentage com position  o f  th e  media used in  th e cu ltu r e  and freez in g  
o f embryos.
P h y s io lo g ic
A









sa lin e-seru m
B
2
Buffer 50 45 45 50 45 45
1 /Horse serum— 50 45 45 50 45 45
G lycerol 10 10
DMSO?/ 10 10
T otal 100 100 100 100 100 100
A n tib io tics:? / 1 ml 1 ml
1 /  Horse serum 5, in a c t iv a te d , Wellcome.
2 /  Dimethyl s u lfo x id e .
3 /  Stock s o lu t io n  conta ined  100,000 IU p e n ic i l l in  and 75 mg dihydrostreptom ycin  
per m l.
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o f  a n t ib io t ic s .  They were used in  th e  in  v it r o  c u ltu r e  and 
p r e -c o o lin g  o f th e  embryos p r io r  to  th e a d d itio n  o f cryo­
g en ic  a g en ts . Two ml o f  th e "A" p o rtio n  o f  th e media was 
used fo r  each in  v it r o  c u l t u r e , but on ly  one ml o f  i t  was 
used in  p r e -c o o lin g  th e embryos.
The "B" p o rtio n s o f  th e  media were composed o f  
45 ml o f the corresponding b u ffer  p lu s 45 ml o f in a c t iv a te d  
horse serum. Ten ml o f  g ly c e r o l was added to  th e sum-
m edia, w hile the p o rtio n s  had 10  ml o f  dim ethyl s u l f ­
ox id e (DMSO). F igure 1 shows th e "A" and "B" p o rtio n s o f  
th e  media con ta ined  in  vo lu m etric  f la s k s .
Figure 1 . Volumetric f la s k s  co n ta in in g  "A" and 
"BfI p o r tio n s  o f th e m edia.
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Using a P asteur p ip e t te  and excep t fo r  th e co n tro l 
(no cryogen ic  a g e n t) , one ml each o f  "B" submedia was added 
s lo w ly  to  the corresponding p re -co o led  "A" p o rtio n s con­
ta in in g  th e embryos, two hours before fr e e z in g . The f in a l  
m ixtures o f  "A" and "B" were designed  to  have 5 per cent 
o f  e i th e r  g ly c e r o l  or DMSO p r io r  to  f r e e z in g .
£ .  S up erovu lation , F e r t i l iz a t io n  and E strus Synchronization  
The donors were superovu lated  by subcutaneous in ­
j e c t io n  o f 150 IU o f  PMS (Gonadin, C utter) in  th ree  equal 
doses fo r  th ree  c o n secu tiv e  d ays, fo llo w ed  on th e  fou rth  
day by in je c t io n  o f  50 IU o f  HCG through the m arginal ear  
v e in  as i l lu s t r a t e d  in  F igures 2 and 3 . They were mated 
to  f e r t i l e  bucks or insem inated  four hours a f te r  in je c t io n  
o f  HCG. R ec ip ien ts  were ovu lated  synchronously w ith  
the donors by mating them w ith  a vasectom ized  buck or by 
in je c t in g  them w ith HCG or LH. Does used as r e c ip ie n ts  
were mature, h ea lth y , prim iparous fem ales th a t have been 
caged in d iv id u a lly  fo r  at le a s t  18 d a y s, The abdominal 
and th e  m arginal ear  areas o f both the donors and the r e ­
c ip ie n t s  were shaved w ith  an e l e c t r i c  c l ip p e r  before super­
o v u la tio n  or e s tr u s  sy n ch ro n iza tio n .
Subcutaneous I n je c t io n  o f PMS fo r  more 
f o l l i c u l a r  development in  the donors.
In je c t io n  o f  HCG through th e m arginal 
ear v e in  to  su p erovu la te  egg donors.
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F. C o lle c t io n  and E va lu ation  o f Embryos
Embryos were c o l le c te d  e i th e r  by s u r g ic a l method 
or a f te r  s la u g h ter  o f  th e donors 2 4 , 4 8 , or 96 hours p o s t­
mating .
S laugh ter Method. In t h i s  method o f recoverin g  
embryos, the donors were s a c r i f ic e d  by c e r v ic a l  d is lo c a t io n .  
Then a tw o- to  th r e e - in c h  long in c is io n  was made a long the  
l in e a  alba between the p o s te r io r  p a ir  o f n ip p le s  and the  
rep rod u ctive t r a c t  exposed . A rtery forcep  was ap p lied  at 
th e  c e r v ic a l  end o f the vagina b efore the tr a c t  was removed. 
Upon removal o f  th e t r a c t ,  th e number o f  o v u la tio n  p o in ts  
or corpora lu te a  in  each ovary was counted and recorded .
Then th e t r a c t  was trimmed o f f  adhering fa t  and con n ective  
membranes b efore p la c in g  i t  on a s t e r i l e  paper tow el to  
have any fr e e  blood absorbed. The ov id u ct was separated  
from th e u teru s by c u tt in g  i t  a t th e tu b o -u ter in e  ju n c tio n .  
Twenty-four and fo r ty -e ig h t-h o u r  o ld  embryos were recovered  
from th e  o v id u c t . F lush ing  was accom plished w ith  the use  
o f a 5 -cc  p la s t i c  sy r in g e  w ith  a 25-gauge hypodermic need le  
attach ed  to  i t .  Two to  th ree  cc  o f  horse serum was flu sh ed  
through th e  ovarian  end o f th e ov id u ct and the f lu s h in g s  
c o l le c te d  in  em bryologica l watch g la s s e s .
Embryos recovered  96 hours a f te r  mating were flu sh ed  
from th e  u te r u s . The c e r v ix  was f i r s t  cut o f f  from the  
u teru s b efore f lu sh in g  th e embryos. F lush ing was made from 
th e tu b a l end, using 3 to  5 cc o f  horse serum in  a p la s t ic
sy r in g e . L ikew ise, th e embryos were c o l le c te d  in  embryo- 






Figure 4 . Em bryological watch g la s s e s  used in  
c o l le c t in g  embryos flu sh ed  from the  
ovid uct or th e u teru s .
eva lu a ted  and counted under a s te r e o sc o p ic  m icroscope, as 
demonstrated in  Figure 5. Embryos th a t appeared normal 
were then grouped and assign ed  randomly to  the d if fe r e n t  
trea tm en ts .
Figure 5 . E valuating and counting embryos r e ­
covered under the s te r e o sc o p e .
2* S u rg ica l Method. The donors were fa s te d  for  
24 hours b efore su rgery . They were r e s tr a in e d  g e n tly  on 
the op era tin g  board and a n e s th e t iz e d . Two cc o f  Myotal 
( A f f i l ia t e d ) ,  con ta in in g  64 mg o f  p en to b a rb ita l sodium  
per ml was in je c te d  very s lo w ly  through th e m arginal ear  
vein  u n t i l  s u f f ic ie n t  depth o f  a n e s th e s ia  was a t ta in e d , as 
in d ica ted  by th e absence o f response when the animal was 
pinched at th e web between th e to e s  o f  th e hind f e e t .  Then 
th e shaved area o f  the abdomen was s t e r i l i z e d  w ith  75 per 
cen t e th y l a lc h o l and covered w ith an au toclaved  c lo th  w ith
a m edial s l i t  on i t . A tw o-inch  long m id -ven tra l in c is io n  
along th e  l in e a  a lb a  was then made and th e u teru s exposed , 
as shown in  F igure 6 . Upon exposure o f  th e t r a c t ,  the
Figure 6 . R eproductive tr a c t  o f  donor exposed  
p rio r  to  f lu sh in g  o f  the embryos.
number o f corpora lu te a  in  each ovary was counted and r e ­
corded. Twenty-four and fo r ty -e ig h t-h o u r  o ld  embryos were 
c o l le c t e d  according to  the method o f  A vis and Sawin (2 5 ) .
A tw o-in ch  long p o ly e th y len e  tube about th e  s i z e  o f  the  
ov id u ct was s lip p e d  through the ovarian  end o f  the ov iduct 
and l ig a te d  in  p la c e . Then a V-shaped in c is io n  was made 
on both horns o f th e u terus approxim ately one in ch  below
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th e  tu b o -u ter in e  ju n c tio n  and a sh ort p ie c e  o f p o ly eth y len e  
tube was in se r te d  in to  th e lumen o f th e  horn and held  in  
p la ce  by a l ig a t u r e .  Two to  th ree  cc  o f  horse serum at 
about 37 C in  a 5 -cc  p la s t ic  sy r in g e  w ith  a 25-gauge hypo­
dermic need le was flu sh ed  s lo w ly  through th e tu b e . The 
f lu s h in g s  were c o l le c te d  in  em b ryologica l watch g la s s e s  
held  at the t ip  o f the tub ing from th e u te r u s . Both o v i­
ducts were flu sh ed  in  t h i s  manner, a f t e r  which th e l i g a ­
tu r e s  and th e tu b in gs were removed. The f lu s h in g s  were 
then examined under th e  s tereo sco p e  to  ev a lu a te  and count 
th e number o f  embryos recovered . Normal embryos were group­
ed and assign ed  randomly to  th e experim ental cu ltu r e  and 
fr e e z in g  media.
N in ety -s ix -h o u r  o ld  embryos were recovered  by 
l ig a t in g  the tu b a l and the c e r v ic a l  ends o f the the u terus  
and f lu sh in g  i t  w ith  3 to  5 cc  o f  horse serum. The f lu sh in g s  
were c o l le c te d  in  em bryological watch g la s s e s  through the  
p o ly eth y len e  tub ing  in se r te d  and l ig a t e d  ju s t  about the  
c e r v ic a l  end. Embryos were handled in  the same manner as 
those c o l le c te d  24 and 48 hours a f te r  m ating.
The peritoneum  and muscle la y e r s  o f  the donor were 
c lo se d  w ith in terru p ted  su tu r e s . Continuous su tu res  were 
used to  c lo s e  the sk in  la y e r . P e n ic i l l in  was ap p lied  over  
th e sutured  wound b efore i t  was sprayed w ith  Mycodex (BMP).
In a d d it io n , two cc  o f p e n ic i l l in  was in je c te d  intram us­
c u la r ly  before retu rn in g  the donors to  th e ir  ca g e s .
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G. C ulture o f Embryos in  V itro
T w enty-four-hour-old  embryos recovered  s u r g ic a l ly  
or from donors a f t e r  s la u g h te r  were cu ltu red  in  p h y s io lo g ic  
s a l in e  p lu s serum and in  p h osp h ate-b u ffered  s a l in e  p lu s  
serum to  t e s t  the a b i l i t y  o f  th e  two media in  in i t i a t i n g  
fu r th er  c leavage  o f  tw o -c e ll  embryos in  v i t r o .  Embryos 
used were m ostly  th o se  from donors w ith  l e s s  than tw elve  
embryos recovered  e i th e r  s u r g ic a l ly  or a f t e r  s la u g h te r .
They were eva lu a ted  under th e  s tereo sco p e  upon recovery  
and is o la te d  a t random in to  two equal grou p s. Each group 
was tra n sfe rred  in to  em bryologica l watch g la s s e s  co n ta in ­
ing two ml o f  e i th e r  p h y s io lo g ic  s a l in e  p lu s serum or 
p hosphate-buffered  s a l in e  p lu s serum. Watch g la s s e s  were 
then p laced  in  p e tr i  d ish es  and surrounded w ith  wads o f  
c o tto n  soaked in  water to  prevent drying o f  th e  media due 
to  evap oration  during c u ltu r e . Colored s t e r i l e  paper 
to w els  were p laced  over th e watch g la s s e s  b efore  p u ttin g  the  
p e tr i  d ish  cover on top  o f  i t , thus m inim izing en tran ce o f  
l ig h t  in to  the c u ltu r e . D an iel (70) reported  th a t c lea v a g e  
o f mammalian eggs i s  in h ib ite d  by v i s i b l e  l i g h t . Watch 
g la s s e s  in  p e t r i  d ish es  were then p laced  in  the cu ltu r e  
oven at 37 C. A fter  f iv e  hours of c u ltu r e , embryos were 
examined fo r  c leavage under th e s te r e o sc o p e . Embryos found 
to  have c leaved  were tran sp lan ted  in to  the o v id u c ts  o f  
synchronized r e c ip ie n t s .  Two weeks a f te r  t r a n s fe r ,  the  
r e c ip ie n ts  were palpated  e x te r n a lly  a t the f la n k s  fo r
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pregnancy. Those found pregnant were allow ed to  reach  
f u l l  term , w hile  nonpregnant ones were re -u sed  as donor 
or r e c ip ie n t  a f t e r  th ree  weeks.
H. F reezing  and Thawing o f  Embryos
A fter  e v a lu a tio n  and co u n tin g , the t o t a l  number o f  
normal embryos recovered  in  each method were is o la t e d  at 
random in to  two groups rep resen tin g  th e two experim ental 
m edia. Embryos fo r  each  media were randomly subgrouped 
eq u a lly  in to  th ree  to  rep resen t th e th ree  cryogen ic  t r e a t ­
m ents. Embryos in  each subgroup were then  tra n sfe rred  in to  
12 x 75 mm capped polypropylene tu b es , p rev io u s ly  la b e le d  
and co n ta in in g  one ml o f  th e "A" p o rtio n  o f  each media 
(Figure 7 ) .
F igure 7 . Rack o f polypropylene tu b e s , la b e led  
and co n ta in in g  one ml o f  the "A" and 
"B" p o rtio n s  o f  th e m edia.
A fter tr a n s fe r r in g  th e  embryos to  th e ir  r e sp e c t iv e  
media, th e tu b es were p laced  in  a beaker o f water a t 37 C, 
then  kept in  th e  r e fr ig e r a to r  a t 5 C fo r  two hours; a f te r  
which one ml o f th e  "B" p o rtio n  o f  th e corresponding media 
was s lo w ly  added. Embryos were frozen  in  liq u id  n itrogen  
vapor two hours a f t e r  th e  a d d itio n  o f th e  media co n ta in in g  
th e cryogen ic  agen ts ("B” p o rtio n  o f  each m ed ia ). Two 
hours a f te r  f r e e z in g , embryos were thawed in  ic e  water 
(5 C) and again  examined under th e s te r e o sc o p e .
I .  Embryo T ransfer
Embryos appearing normal a f te r  fr e e z in g  and thawing 
were tra n sfe rr e d  s u r g ic a l ly  to  synchron ized  r e c ip ie n t s .  A 
tw o-in ch  long m id -ven tra l in c is io n  was made on th e r e c ip ie n t  
and the u teru s and o v a r ie s  exposed . The o v a r ie s  were then  
examined fo r  the p resence o f o v u la tio n  p o in ts  or corpora  
lu te a . Embryos were tr a n sfe r r e d  on ly  to  r e c ip ie n t s  w ith  
o v u la tio n  p o in ts  or corpora lu te a  in  th e ir  o v a r ie s . N inety- 
s ix -h o u r - o ld  embryos were tra n sferred  to  th e u teru s by 
p assin g  th e P asteur p ip e tte  through a n eed le -p r ick ed  wound 
on i t  w h ile  th o se  embryos recovered  24 or 48 hours a f te r  
mating were d ep o sited  in  the ov id uct through the fim b r ia l  
end. The in c is io n s  were then c lo se d  by su tu r in g  them. 
A sep tic  procedures were observed throughout the op eration s  
and proper p o s t-o p e r a tiv e  ca res were rendered to  a l l  the  
r e c ip ie n t s .
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Two weeks a f te r  t r a n s fe r ,  th e r e c ip ie n t s  were ex ­
amined fo r  pregnancy by e x te r n a l p a lp a tio n  a t th e  f la n k s .  
Those confirm ed pregnant were allow ed  to  reach f u l l  term; 
w hile  th ose  d ou b tfu l were laparotom ized to  v e r ify  any s ig n s  
o f  im p la n ta tio n . They were used again  as r e c ip ie n t s  th ree  
weeks a f t e r ,  i f  found not pregnant.
J . Recording and A nalyses o f  Data
The r e s u lt s  and o th er  p er tin en t o b serv a tio n s during  
the study were promptly and p roperly  recorded in  appropri­
a te  form s. Data on number o f  o v u la tio n  p o in ts  and number 
o f  embryos recovered  from donors between methods and among 
recovery p eriod s were analyzed  s t a t i s t i c a l l y  u sin g  f a c t o r ia l  
in  a com p letely  randomized d es ig n . C hi-square t e s t  was 
performed to  determ ine any d if fe r e n c e s  in  th e  c leavage ra te  
o f  tw o -c e ll  embryos cu ltu red  in  v it r o  in  p h y s io lo g ic  s a l in e -  
serum and in  p hosp h ate-b uffered  sa lin e-seru m  m edia. Sim i­
la r ly ,  C hi-square t e s t  was used to  determ ine p o s s ib le  d i f ­
fere n c es  among c u ltu r e  groups in  the number o f o ffsp r in g  
r e s u lt in g  from tr a n sp la n ts  o f  embryos th a t fu r th er  c leaved  
a f te r  in  v it r o  c u ltu r e . Data on frozen  embryo tra n sp la n ts  
were not analyzed s t a t i s t i c a l l y  because o f the lim ite d  
r e s u lt s  o b ta in ed .
CHAPTER IV
RESULTS AND DISCUSSION
A. Methods and P eriod s o f  R ecovering Embryos
Embryos were recovered  from donors by s u r g ic a l  and 
s la u g h te r  methods. Table 3 shows th e  r e s u l t s  ob ta in ed  by 
th e su r g ic a l method o f  reco v er in g  embryos 24 , 48 and 96 
hours a f t e r  m ating. Ten donors were used in  each p er io d , 
thus a t o t a l  o f  30 donors were in v o lv ed  in  th e  th ree  p e r io d s . 
Donors used 24 , 48 and 96 hours a f te r  m ating had an average  
o f  16 .1  -  1 .9 4 , 1 5 .3  -  1 .04  and 1 5 .7  -  1 .8 5  o v u la tio n  p o in ts ,  
r e s p e c t iv e ly ,  w ith  a corresponding average number o f  embryos 
recovered  o f 1 1 .4  ± 1 .4 2 , 9 .9  t  0 .8 9  and 1 1 .7  ± 1 .2 6 . These 
r e su lte d  to  an average o f  7 0 .8 , 6 4 .5  and 7 4 .5  per cen t  
recovery  in  each p er io d .
R esu lts  on recover in g  embryos from donors s la u g h te r ­
ed 24 , 48 and 96 hours a f t e r  mating are p resen ted  in  Table 
4 . Number o f donors used were th e same as th o se  in  the 
su r g ic a l method. The average number o f  o v u la tio n  p o in ts  
were 1 5 .9  -  2 .2 3 , 1 6 .5  1 3 .6 2  and 1 5 .3  ~ 1 .3 4  for  donors 
sla u g h tered  24 , 48 and 96 hours a f te r  m ating, r e s p e c t iv e ly .  
Average number o f embryos recovered  in  each  p eriod  were 
14 .2  i  1 .6 9 , 1 5 .9  -  3 .3 6  and 1 4 .7  1 1 .2 6 . T h is gave a 
recovery o f  8 9 .3 1 , 96 .36  and 96 .08  per c e n t .
Data shown in  T ables 3 and 4 are summarized in  
Table 5 . H ighest average number o f embryos recovered
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Table 3. Ovulation points, embryos recovered and efficiency of recovering embryos surgically 24,
48 and 96 hours after mating.
a e  c  o  v e r  y  h o u r  s  a  f t e r  m a t  i  n g
Donor 24 48 96
No. O v u la t io n
p o i n t s
Embryos
r e c o v e r e d
P er  c e n t  
r e c o v e r y
O v u la t io n
p o i n t s
Embryos
r e c o v e r e d
P er  c e n t  
r e c o v e r y
O v u la t io n
p o i n t s
Embryos
r e c o v e r e d
Per c e n t  
r e c o v e r y
1 10 6 6 0 .0 0 11 7 6 3 .6 4 12 9 7 5 .0 0
2 18 11 6 1 .1 1 12 7 5 8 .3 3 10 7 7 0 .0 0
3 27 19 7 0 .3 7 15 9 6 0 . 0 0 17 12 7 0 .5 9
4 7 7 1 0 0 .0 0 13 8 6 1 .5 4 19 15 7 8 .9 5
5 20 13 6 5 .0 0 17 10 5 8 .8 2 26 18 6 9 .2 3
6 12 9 7 5 .0 0 13 8 6 1 .5 4 18 13 7 2 .2 2
7 14 10 7 1 .4 3 19 13 6 8 .4 2 10 9 9 0 .0 0
8 23 18 7 8 .2 6 14 9 6 4 .2 8 13 10 7 6 .9 2
9 17 13 7 6 .4 7 21 15 7 1 .4 3 23 17 7 3 .9 1
10 13 8 6 1 .5 4 18 13 7 2 .2 2 9 7 7 7 .7 7
T o t a l 161 114 7 0 .8 1 153 99 6 4 .7 0 157 117 7 4 .5 2
Moan 1 6 . 1 - 1 . 9 4 l l . 4 l l . 4 2 7 0 .8 1 1 5 . 3 i t l .  04 9 . 9 ± 0 . 8 9 6 4 .7 0 1 5 . 7 l l . 8 5 l l . 7 l l . 2 6 7 4 .5 2
00©
Table 4. Ovulation points, embryos recovered and efficiency of recovering embryos from donors
slaughtered 24, 48 and 96 hours after mating.
R e  c  0  v  e r  y h 0  u r  s  a f t e r  m a t  i  n g
Donor 24 48 96
No. O v u la t io n
p o i n t s
Embryos
r e c o v e r e d
P er c e n t  
r e c o v e r y
O v u la t io n
p o i n t s
Embryos
r e c o v e r e d
P er  c e n t  
r e c o v e r y
O v u la t io n
p o i n t s
Embryos
r e c o v e r e d
Per c e n t  
r e c o v e r y
1 11 10 9 0 .9 1 7 7 1 0 0 .0 0 17 16 9 4 .1 2
2 8 8 1 0 0 .0 0 8 8 1 0 0 .0 0 14 14 1 0 0 .0 0
3 27 25 9 2 .5 9 35 34 9 7 .1 4 10 9 9 0 .0 0
4 9 8 8 8 .8 9 40 37 9 2 .5 0 13 13 1 0 0 .0 0
5 22 19 8 6 .3 6 13 13 1 0 0 .0 0 10 10 1 0 0 .0 0
6 16 15 9 3 .7 5 9 9 1 0 0 .0 0 18 18 1 0 0 .0 0
7 12 11 9 1 .6 7 14 13 9 2 .8 6 16 15 9 3 .7 5
8 19 16 8 4 .2 1 12 12 1 0 0 .0 0 24 22 9 1 .6 7
9 15 13 8 6 . 6 7 16 15 9 3 .7 5 13 12 9 2 .3 1
10 20 17 8 5 .0 0 11 11 1 0 0 .0 0 18 18 1 0 0 .0 0
T o ta l 159 142 8 9 .3 1 165 159 9 6 .3 6 153 147 9 6 .0 8
Mean 1 5 . 9 l 2 . 2 3 1 4 .2 + 1 .6 9 8 9 .3 1 I 6 . 5 l 3 . 6 2 1 5 .9 + 3 .3 6 9 6 .3 6 1 5 . 3 i l . 3 4 1 4 .7 1 1 .2 6 9 6 .0 8
00
Table 5. Summary of results on methods of recovering embryos 24, 48 and 96 hours after mating.
B e  c  o  vr e  r  y  m e  t  h o d s
C r i t e r i a S u r g i c a l S 1 a u g  h t  e  r
Hours a f t e r  m atin g Hours a f t e r  m atin g
• 24 48 96 24 4 8 96
Number o f  don ors 10  10 10 10 10 10
T o t a l  N o. o f  o v u l a t i o n  p o i n t s 161 153 157 159 165 153
T o t a l  No. o f  embryos r e c o v e r e d 114 99 117 142 159 147
P e r c e n ta g e  r e c o v e r y 7 0 .8 1  6 4 .7 0 7 4 .5 2 8 9 .3 1 9 6 .3 6 9 6 .0 8
A ve. No. o f  o v u l a t i o n  p o i n t s 1 6 . 1 ± 1 .9 4  1 5 .3 ± 1 .0 4 1 5 .7 ± 1 .8 5 1 5 .9 ± 2 .23i 1 6 .5 ^ 3 .6 2 1 5 . 3 - 1 . 3 4
A ve. No. o f  embryos r e c o v e r e d 1 1 .4 ^ 1 .4 2  9 . 9 t o . 8 9 1 1 . 7 - 1 . 2 6 1 4 .2 ± 1 .691 1 5 . 9 - 3 . 3 6 1 4 . 7 i l . 2 6
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s u r g ic a l ly  (1 1 .7  embryos) and p ercen tage recovery (74.5%) 
were ob ta in ed  when embryos were recovered  96 hours a f te r  
m ating. The low est (9 .9  embryos and 64.7%) occurred when 
s u r g ic a l recovery  was performed 48 hours a f t e r  m ating. I t  
i s  worthy to  m ention th a t at t h i s  p eriod  most o f the  
embryos are a lread y c lo s e  to  th e tu b o -u te r in e  ju n c t io n ,  
thus some o f them might have been m issed  when f lu sh in g  was 
made from the f im b r ia l end o f  th e o v id u c t. Embryos are 
found in  th e u teru s 96 hours a f t e r  mating and i t  i s  r e la ­
t i v e l y  easy  to  f lu s h  them out o f th e area a t such s ta g e .
Percentage recovery  o f  embryos by s la u g h te r  method 
ranged from 89 to  96 in  th e th ree  p e r io d s . D iffe r e n c e s  in  
th e average number o f  embryos recovered  and percentage r e ­
covery in  favor o f  th e  th ree  p er io d s in  th e  s la u g h te r
method, cou ld  be exp la in ed  in  terms o f  th e  ea se  in  f lu sh in g  
embryos from e i th e r  the ov id u ct or u te r u s . C ontractions o f  
the in ta c t  ov id uct or u teru s tended to  d isp la c e  the p la s t ic  
tube through which embryos were f lu sh e d  in to  watch g l a s s e s . 
At t im es , some b lood obscured d e te c t io n  o f  th e embryos 
recovered  by su r g ic a l method.
R esu lts  on th e  methods o f recoverin g  embryos over  
a l l  the th ree  p er iod s are shown in  Table 6 . Data in d ic a te  
th a t donors in  th e su r g ic a l method o f recovery had a t o t a l  
o f 471 o v u la tio n  p o in ts ,  w h ile  th o se  in  the s la u g h ter
method had a t o t a l  o f 477. The average number o f  o v u la tio n
p o in ts  were 1 5 .7  t  0 .93  and 1 5 .9  ± 1 .44  for  su r g ic a l and
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Table 6 . Summary o f  r e s u l t s  on th e methods o f  recoverin g  
em bryos.
Recovery methods
c r i t e r i a
S u rg ica l S laughter
Number o f  donors 30 30
T ota l No. o f  o v u la tio n  p o in ts 471 477
T ota l No. o f  embryos recovered 330 448
Percentage recovery 70 .00 93.92
Ave. No. o f  o v u la tio n  p o in ts 1 5 .70  t  0 .93 1 5 .9 0  ± 1 .44
Ave. No. o f  embryos recovered 1 1 .00  1 0 .68 14 .93  ± 1 .28*
H ighly s ig n i f ic a n t  d if fe r e n c e  (P < 0 .0 1 )  between m ethods.
s la u g h te r  m ethods, r e s p e c t iv e ly .  D iffe r e n c e s  in  th e number 
o f o v u la tio n  p o in ts  o f th e  donors between methods and among 
p eriod s were not s ig n i f i c a n t .  L ik ew ise , th e in te r a c t io n  
between methods and p er iod s o f recovery was not s ig n if ic a n t  
(Table 7 ) .  However, the d if fe r e n c e  between methods in  the  
average number o f  embryos recovered  was h ig h ly  s ig n if ic a n t  
(P c O .O l) . D iffe r e n c e s  among p er iod s were not s ig n i f ic a n t ,  
but th ere  was a s ig n if ic a n t  (P < 0 .0 5 )  in te r a c t io n  between 
methods and p eriod s o f recovery (Table 8 ) .
An average o f  1 1 .0  ± 0 .6 8  embryos was recovered  
from donors in  the su r g ic a l method, compared to  1 4 .9  ± 1 .28  
from th ose  in  th e s la u g h ter  method. Recovery was 7 0 .0  and
9 3 .9  per cent fo r  su r g ic a l and s la u g h ter  methods,
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Table 7 . A n a ly sis  o f  variance on o v u la tio n  p o in ts  o f  
donors between methods and among recovery  
p e r io d s .
Source o f  
variance DF
Sum o f  
squares
Mean
square F -va lu e
T ota l 59 2 ,5 4 7 .6 0
Recovery methods (A) 1 0 .60 0 .6 0 0.013
Recovery p eriod s (B) 2 2 .8 0 1 .4 0 0 .030
Methods X p er io d s (A x B) 2 7 .6 0 3 .8 0 0.081
Error 54 2 ,5 3 6 .6 0 4 6 .9 7
Table 8 . A n a lysis  o f  variance on embryos recovered  from 
donors between methods among recovery  p e r io d s .
Source o f  
variance DF




T ota l 59 2 ,0 7 1 .9 3
Recovery methods (A) 1 232 .06 232 .06 7.97**
Recovery p eriod s (B) 2 1 .73 0 .87 0 .03
Methods X p er iod s (A x B) 2 265.93 132 .97 4 .57*
Error 54 1 ,5 7 2 .2 1 29 .12
**
H ighly s ig n i f ic a n t  (P-cO .O l) d if fe r e n c e  between methods.
j|c
S ig n if ic a n t  (P«<0.05) in te r a c t io n  between methods and 
p erio d s o f reco v ery .
r e s p e c t iv e ly .  These v a lu es are in  c lo s e  agreement w ith  
r e s u lt s  reported  by a number o f  in v e s t ig a to r s  (7 8 ,1 1 0 ,2 0 8 ) .  
Avery and Graham (23) found th a t  in  cows w ith  s in g le  ovu la­
t io n  p o in t , 85 per cen t o f  the eggs had been recovered , 
but in  su perovu lated  o n es, recovery  ranged from 25 to  75 
per cen t o f  th e  number o f o v u la tio n  p o in ts .
D iffe re n ce s  in  th e average number o f embryos r e ­
covered and p ercen tage recovery  in  favor o f s la u g h ter  
method could  be la r g e ly  due to  th e conven ience in  f lu sh in g  
th e embryos from th e ov id u ct or u te r u s . I t  should  be 
emphasized in  order fo r  tra n sp la n ta tio n  o f  embryos to  be 
p r a c t ic a l ,  donors must be kept a l iv e  to  a llo w  m u ltip le  
c o l le c t io n  o f embryos. A lso , i t  i s  p re fera b le  to  recover  
embryos from th e u te ru s . In t h i s  c a s e , recovery  o f embryos 
96 hours a f t e r  mating i s  th e p eriod  o f  c h o ic e .
B. Media Used in  th e C ulture o f  Embryos in  V itro  and in  
F reezing
P h y s io lo g ic  sa lin e -seru m  (PS-S) and phosphate- 
bu ffered  sa lin e -seru m  (PBS-S) were th e  two media used . In 
a d d it io n , f iv e  per cen t o f  g ly c e r o l  and DMSO were mixed 
w ith  the media used in  the fr e e z in g  o f  embryos.
1 . In V itro Culture
C ultures were made to  t e s t  th e c a p a b il ity  o f the  
two media in  m aintain ing th e v ia b i l i t y  o f  embryos, as in ­
d ica ted  by fu rth er  c lea v a g e  when cu ltu red  in  v i t r o .  Two­














T o ta l
Mean
Cleavage o f  t w o - c e l l  embryos a f te r  5-hour in  v i t r o  c u ltu r e  in  p h y s io lo g ic  
sa lin e -seru m  (PS-S) and in  p h osp h ate-b u ffered  sa lin e -se ru m  (PBS-S) m edia.
R e c o v e r y  m e t h o d s
__________ S u r g i c a l _____________  S l a u g h t e r _______
________________________________________________M e d i a _______________________________________________
PS-S PBS-S PS-S PBS-S
No. o f  embryos No. o f  embryos No. o f  embryos No. o f  embryos
Cultured Cleaved C ultured C leaved C ultured C leaved C ultured Cleaved  
3 1  3 2  5 1  5 3
3 1  3 0  4 2  4 4
4 3  4 2  4 2  4 1
4 2  4 3  5 3  5 3
2 2  2 2  2 0  2 1
3 2  3 1  2 2  2 1
2 1  2 0  2 2  2 2
2 2  3 2  2 0  2 0
3 2  2 2  2 2  2 2
2 0  2 0  2 1  2 1
28________16_________ 28________ 14_________ 30________ 15_________ 30 ______ 18




because subsequent c lea v a g e  In them i s  c le a r ly  id e n t i f ia b le .  
Data on t h i s  p o rtio n  o f  the stud y are p resen ted  in  Table 9 . 
Embryos recovered  from ten  donors each fo r  the s u r g ic a l  
and s la u g h te r  methods o f  recovery  were u sed . An average o f
2 .8  embryos recovered  s u r g ic a l ly  were cu ltu red  each in  PS-S 
and PBS-S m edia. Average number o f  embryos th a t c leaved  
were 1 .0  and 1 .4  fo r  the PS-S- and PBS-S- cu ltu red  embryos, 
r e s p e c t iv e ly .  Three embryos per donor in  th e s la u g h ter  
method were a ls o  cu ltu red  in  PS-S and PBS-S. Cleavage was 
1 ,5  embryos on th e average in  PS-S, compared to  1 .8  in  the  
PB S-S-cultured embryos. D iffe r e n c e s  among th e four cu ltu r e  
groups in  th e number o f  embryos th a t fu r th er  c lea v ed  were 
not s ig n i f i c a n t .
Table 10 shows th e summary o f  r e s u lt s  on cu ltu r e  o f  
tw o -c e l l  embryos in  v it r o  in  p h y s io lo g ic  sa lin e -seru m  and
Table 10. Summary o f  r e s u l t s  on cu ltu r e  o f  tw o -c e ll  embryos 
in  v it r o  in  p h y s io lo g ic  sa lin e -seru m  and 
p hosp h ate-b uffered  sa lin e -seru m .
C r ite r ia
Recovery methods
S u rg ica l S laughter
Media
PS-S PBS-S PS-S PBS-S
No. o f  embryos cu ltu red 28 28 30 30
No. o f  embryos c lea v ed 16 14 15 18
P ercentage c leavage 57 .1 5 0 .0 50 ,0 6 0 .0
p hosp h ate-b uffered  sa lin e -seru m  m edia. T w enty-eight su r ­
g ic a l ly  recovered  embryos and 30 by s la u g h te r  method were 
cu ltu red  in  PS-S and PBS-S. S ix te en  o f  th e  28 s u r g ic a l ly  
recovered  embryos cu ltu red  in  PS-S c le a v e d , compared to
14 o f th o se  cu ltu red  in  PBS-S. Out o f  th e 30 embryos r e ­
covered  by s la u g h te r  method and cu ltu r ed  in  PS-S and PBS-S,
15 and 18 c le a v e d , r e s p e c t iv e ly .  H ighest c lea v a g e  ra te  o f  
60 per cen t was a tta in e d  w ith  embryos recovered  by s la u g h ter  
method and cu ltu red  in  PBS-S. Embryos recovered  s u r g ic a l ly  
and cu ltu red  in  PS-S had 57 .1  per cen t c lea v a g e  r a te ,  w hile  
th o se  in  PBS-S had 5 0 .0  per c e n t . Embryos recovered  by 
s la u g h ter  method and cu ltu red  in  PS-S a ls o  had 5 0 .0  per cent 
c lea v a g e  r a t e .  Most o f  th e embryos were fo u r -c e l le d  a f te r  
f iv e  hours o f c u ltu r e  in  e i th e r  m edia, although  some asynch­
ronous c lea v a g es  were observed .
2 . Embryo T ransp lants A fter  C ulture in  V itro
A ll embryos th a t c lea v ed  a f t e r  in  v it r o  cu ltu r e  in  
PS-S and PBS-S were s u r g ic a l ly  tr a n sfe r r e d  to  synchronized  
r e c ip ie n t s  t o  fu r th er  t e s t  t h e ir  v i a b i l i t y .  R esu lts  are 
p resen ted  in  Table 11 . Numbers o f  r e c ip ie n t s  used were 
9 , 7 , 8 and 9 in  each o f  th e four cu ltu r e  groups, r e c e iv in g  
an average number o f  1 .8 ,  2 .0 ,  1 .9  and 2 .0  embryos, re sp ec ­
t i v e l y .  Four o f  th e nine does r e c e iv in g  embryos recovered  
s u r g ic a l ly  and cu ltu red  in  PS-S gave b ir th  to  nine o f f ­
sp rin g  and two o f  the seven  th a t got P B S-S-cultured  embryos 
produced f iv e  k i t s .  T ransplants o f  embryos recovered  by
Table 11. R esu lts  on tra n sp la n ts  o f  embryos a f te r  cu ltu r e  
in  v it r o  in  p h y s io lo g ic  sa lin e -seru m  and 
phosp h ate-b uffered  sa lin e -se ru m .
Recovery methods 
S u rg ica l S laugh ter
C r ite r ia  Media
PS-S PBS-S PS-S PBS-S
No. o f  embryos 
tra n sp la n ted 16 14 15 18
No. o f  r e c ip ie n t s 9 7 8 9
Ave. No. o f  em bryos/ 
r e c ip ie n t 1 .8 2 .0 1 .9 2 .0
No. o f  r e c ip ie n t s  
pregnant 4 2 3 5
T o ta l No. o f
o ffsp r in g  born 9 5 7 13
s la u g h te r  method and cu ltu red  in  PS-S and PBS-S produced 
seven  and th ir te e n  o f fs p r in g , r e s p e c t iv e ly .  Some o f  th e se  
r e s u lt s  are shown in  F igure 8 .
C. F reezing  o f  Embryos
Embryos recovered  s u r g ic a l ly  and from donors 
sla u g h tered  24 , 48 and 96 hours a f te r  mating were p laced  
in  PS-S and PBS-S media w ith  or w ithout 5 per cent g ly c e r o l  
and DMSO and frozen  in  l iq u id  n itrogen  vapor a f te r  two hours 
of e q u il ib r a t io n . Frozen embryos were thawed in  ic e  water 
(5 C) a f te r  fr e e z in g  them fo r  two hours.
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Figure 8 . Some o ffsp r in g  o f  embryo tr a n sp la n ts  
a f te r  5-hour in  v it r o  cu ltu r e  o f two­
c e l l  embryos w ithout fr e e z in g  and
t h e ir  fo ster-m o th er  (w hite doe at the  
m id d le ) .
1 . E f fe c t s  o f  F reezing and Thawing
M ajority o f  the embyros frozen  in  e i th e r  PS-S or
PBS-S w ithout g ly c e r o l or DMSO were found to  be e i th e r  
shrunken, ruptured or com p letely  d is in te g r a te d  a f te r  f r e e ­
zin g  and thaw ing. Complete d is in te g r a t io n  occurred m ostly  
among embryos recovered  24 hours a f te r  mating and frozen  
w ithout any cryogen ic  ag en t. F o r ty -e ig h t hour-old  embryos 
appeared in t a c t ,  but ruptures and d is in te g r a t io n s  were a ls o  
observed in  some o f them. Shrunken embryos were found com­
monly among th ose  recovered  96 hours a f te r  mating and frozen  
w ithout g ly c e r o l or DMSO. S im ilar  ob serv a tio n s were reported
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by Smith (2 2 4 ), who found th a t n e ith e r  u n f e r t i l iz e d  nor 
f e r t i l i z e d  eggs su rv ived  fr e e z in g  in  the absence o f  cry o -  
p r o te c t iv e  a g en ts .
Most o f  th e 2 4 - , 4 8 - and 96-hour o ld  embryos 
frozen  w ith  cryogen ic  agen ts appeared in t a c t ,  although some 
shrunken ones were s t i l l  observed among th o se  recovered  96 
hours a f t e r  m ating. I t  i s  in te r e s t in g  to  note th a t rab b it  
embryos are en c lo sed  by a mucin coat as e a r ly  as 72 hours 
a f te r  m ating, th u s , two hours e q u il ib r a t io n  tim e may not be 
s u f f ic ie n t  fo r  th e cryogen ic  agen ts to  p en etra te  in to  the  
c e l l .  The th ic k n e ss  o f  the mucin coat v a r ie s  from 65 to  
129 m icrons and i t  p reven ts rupture o f  th e expanding b la s t ­
o cy st (1 0 1 ,1 4 0 ).
2 . T ransplants o f  Frozen Embryos
A ll embryos th a t appeared in ta c t  a f t e r  thawing 
were tra n sp la n ted  to  synchron ized  r e c ip ie n t s . T ransplants  
o f  frozen  embryos from 36 treatm ent com binations were p er­
formed. R esu lts  on th e  f i r s t  tw elve s e t s  o f  treatm ent com­
b in a tio n s  in v o lv in g  embryos recovered  24 hours a f te r  mating 
are p resen ted  in  Table 12 .
T ransplants were made such th a t embryos recovered  
by the same methods and frozen  in  th e same cryogen ic  t r e a t ­
m ents, but in  two d if fe r e n t  media were d ep o sited  in  each  
s id e  o f  the ov id uct or u te r in e  horn. S ix  r e c ip ie n t s  were 
used in  each s e t  o f  two treatm ent com binations, thus a t o t a l
Table 12 . T ransp lants o f  embryos recovered  s u r g ic a l ly  and from donors 
sla u g h tered  24 hours a f t e r  m ating and frozen  in  p h y s io lo g ic  
sa lin e -seru m  (PS-S) and in  p h osp h ate-b u ffered  sa lin e -seru m  
(PBS-S) w ith  or w ithout 5 per cen t g ly c e r o l  or DMSO.
Treatment 
combinat io n sa
No. o f  
r e c ip ie n ts* 3
No. o f  embryos 
tra n sp la n ted
No. o f  young 
born
S u rg ica l-24 -P S -S -C
6 (0 )
12 0
Surgical-24-P B S-S-C 13 0
S u rg ica l-24-P S -S -G
6 (3 )
15 5
Surgical-24-PB S-S-G 14 3
S u rg ica l-24-P S -S -D
6 (0 )
14 0








Slaughter-24-PB S-S-G 17 0
S laugh ter-24-P S -S-D
6 (0 )
17 0
Slaughter-24-PB S-S-D 17 0
a c  -  C on tro l, no cr y o g en ic , G -  g ly c e r o l ,  and D -  DMSO. 
b Number in  p aren th eses in d ic a te  th e  number o f  r e c ip ie n t s  th a t  k in d le d .
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o f  36 r e c ip ie n t s  each were in v o lv ed  in  th e  tra n sp la n t o f  
frozen  embryos in  the th ree  recovery  p e r io d s .
Three o f  th e 36 r e c ip ie n t s  o f 24-hour o ld  embryos 
recovered  by su r g ic a l and s la u g h te r  methods and frozen  in  
PS-S and PBS-S w ith  each o f  th e  th ree  cryogen ic  treatm ents  
gave b ir th  to  a t o t a l  o f  e ig h t  o f f s p r in g . F ive o f  them 
were from tra n sp la n ts  o f  embryos recovered  s u r g ic a l ly  and 
frozen  in  PS-S-G and th e o th er  th ree  from th o se  frozen  in  
PBS-S-G. F igure 9 shows some o f  th e o f fs p r in g  o f  frozen  
embryo tra n sp la n ts  w ith  th e ir  fo s te r -m o th er . T ransplants
l f. I • u (V
Figure 9 . Some o ffsp r in g  o f  frozen  embryo
tra n sp la n ts  w ith  t h e ir  fo ster-m o th er  
(w hite doe at the m id d le ).
o f  embryos recovered  from donors a f t e r  s la u g h ter  and frozen  
in  any o f  the m edia-cryogenic treatm ent com binations d id  
not r e s u lt  in  any b ir th s .
Table 13 shows data on tr a n sp la n ts  o f  embryos 
recovered  by s u r g ic a l and s la u g h te r  methods 48 hours a f t e r  
mating and frozen  in  PS-S and PBS-S w ith  each o f the th ree  
cryogen ic trea tm en ts . Transplant procedure fo llo w ed  and 
number o f r e c ip ie n t s  used were th e same as th ose  in  the  
tra n sp la n t o f 24-hour o ld  embryos. Only one o f  th e 36 
r e c ip ie n ts  gave b ir th  to  two o f f s p r in g . Each o f  them was 
from tra n sp la n t o f embryos in  the su rg ica l-P S -S -G  and 
surgical-PB S-S-G  treatm ent com b ination s. Again, none o f  
th e tra n sp la n ts  o f  embryos from the o th er  treatm ent com­
b in a tio n s  r e su lte d  in  any b ir th .
R esu lts  obtained  from tr a n sp la n ts  o f  96-hour o ld  
embryos frozen  in  d if f e r e n t  treatm ent com binations are 
shown in  Table 14 . As mentioned e a r l i e r  in  the methods of 
embryo tr a n s fe r , 96-hour o ld  embryos were tra n sp la n ted  in  
the u teru s o f  th e r e c ip ie n t s .  U terine tr a n s fe r s  are r e la ­
t iv e ly  e a s ie r  than th ose  in  the o v id u c t. In s p i t e  o f  i t ,  
none o f  the r e c ip ie n ts  o f  96-hour o ld  frozen  embryos gave 
b irth  to  any young. As s ta te d  p r e v io u s ly , rab b it b la s t ­
o c y s ts  are en c lo sed  in  a tough p r o te c t iv e  mucin coat and 
most o f  them were shrunken a f te r  f r e e z in g . F a ilu re  o f  the  
96-hour o ld  frozen  embryo tra n sp la n ts  to  y ie ld  any o ffsp r in g  
tends to  in d ic a te  th a t the shrunken b la s to c y s t s  might have
Table 13 . T ransp lan ts o f  embryos recovered  s u r g ic a l ly  and from donors 
sla u g h tered  48 hours a f t e r  mating and fro zen  in  p h y s io lo g ic  
sa lin e -seru m  (PS-S) and in  p h osp h ate-b u ffered  sa lin e -seru m  
(PBS-S) w ith  or w ithout 5 per cen t g ly c e r o l  or DMSO.
Treatment 
combinat io n sa
No. o f  
re c ip ie n ts* 3
No. o f  embryos 
tra n sp la n ted
No. o f  young 
born
S u rg ica l-48-P S -S -C
6 (0)
9 0
Surgical-48-P B S-S-C 8 0
S u rg ica l-48-P S -S -G
6 (1 )
10 1
Surgical-48-PB S-S-G 10 1
S u rg ica l-48 -P S -S -D
6 (0)
11 0
S urgical-48-P B S-S-D 10 0
S laugh ter-48-P S -S-C
6 (0)
20 0





S laugh ter-48-P S -S -D
6 (0 )
19 0
Slaughter-48-PB S-S-D 20 0
a C -  C on tro l, no c r y o g en ic , G -  g ly c e r o l ,  and D -  DMSO.
b Number in  p aren th eses in d ic a te  th e  number o f  r e c ip ie n t s  th a t  k in d led .
too>
Table 14. T ransp lants o f  embryos recovered  s u r g ic a l ly  and from donors 
s la u g h tered  96 hours a f t e r  m ating and fro zen  in  p h y s io lo g ic  
sa lin e -seru m  (PS-S) and in  p h osp h ate-b u ffered  sa lin e -seru m  
(PBS-S) w ith  or w ithout 5 per cen t g ly c e r o l  or  DMSO.
Treatment 
combinat io n sa
No. o f  
r e c ip ie n ts ^
No. o f  embryos 
tra n sp la n ted
No. o f  young 
born
S u rg ica l-96-P S -S -C
6 (0 )
14 0
Surgical-96-PB S-S-C 12 0
S urgica l-96-P S -S -G
6 (0 )
15 0
Surgical-96-PB S-S-G 14 0
S u rg ica l-96-P S -S -D
6 (0 )
15 0
Surgical-96-P B S-S-D 14 0
S laugh ter-96-P S -S -C
6 (0 )
15 0








Slaughter-96-PB S-S-D 16 0
a C -  C on tro l, no cr y o g e n ic , G -  g ly c e r o l ,  and D -  DMSO. 
b Numbers in  p aren th eses in d ic a te  th e  number o f  r e c ip ie n t s  th a t  k in d led .
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been a c tu a lly  dead. Shrinking o f  th e  b la s to c y s t s  a f te r  
fr e e z in g  cou ld  be due to  la ck  o f p en e tra tio n  o f  e i th e r  o f  
th e cy r o p r o te c tiv e  agen ts u sed .
In a d d it io n  to  th e major e f f e c t  o f  fr e e z in g  on 
the embryos per s e ,  th e number o f embryos tra n sferred  to  
each r e c ip ie n t  cou ld  have g r e a tly  co n tr ib u ted  to  the few 
tr a n sp la n ts  th a t produced o f fs p r in g . Because o f  th e many 
treatm ent com binations in v o lv ed  in  th e s tu d y , on ly  four  
embryos were tra n sfe rr ed  to  m ajority  o f  th e r e c ip ie n t s .
Adams (9 ) reported  th a t  on ly  20 per cen t o f  th e  does r e ­
c e iv in g  one embryo m aintained pregnancy, compared to  87 per 
cen t fo r  th o se  th a t re ce iv ed  two. In t h i s  s tu d y , tr a n s ­
p la n ts  o f  one cu ltu red -u n fro zen  embryos d id  not r e s u lt  in  
any b ir th ,
D. Other O bservations
U terine adhesions were found in  some donors and 
r e c ip ie n t s  used more than on ce. H assive c y s t ic  o v a r ie s  were 
a ls o  observed in  some donors su perovu lated  s e v e r a l t im es .
Of the t o t a l  o f  10 young r e s u lt in g  from frozen  
embryo tr a n sp la n ts , four were s t i l lb o r n ,  four l iv e d  fo r  four  
days and two reached m a tu rity . The probable cause o f death  
fo r  th o se  s t i l lb o r n  was s u f fo c a t io n , as they were found en­




Using one hundred and twenty fem ale and te n  male 
r a b b its ,  a study was conducted w ith  th e fo llo w in g  o b je c t iv e s :  
1) To compare th e e f f ic ie n c y  o f  recoverin g  embryos by su r­
g ic a l  and s la u g h te r  methods, 2 ) to  determ ine the proper 
s ta g e  a t which embryos in tended  fo r  fr e e z in g  and tra n sp la n t  
must be c o l le c t e d ,  3) to  compare th e e f f ic ie n c y  o f p h ysio ­
lo g ic  sa lin e -seru m  and p hosp h ate-b uffered  sa lin e-seru m  in  
m aintain ing th e v ia b i l i t y  o f  f e r t i l i z e d  ova in  v it r o  cu ltu re  
and in  th e frozen  s t a t e ,  and 4 ) t o  compare the e f f ic ie n c y  
o f  g ly c e r o l  and dim ethyl s u lfo x id e  in  preventing  th e  e f f e c t s  
o f rap id  fr e e z in g  on the su r v iv a l o f  embryos.
Donors in  th e  su r g ic a l method o f  recoverin g  embryos 
had an average o f  1 5 .7  o v u la tio n  p o in t s ,  w hile th o se  in  the  
s la u g h te r  method had 1 5 .9 . D iffe r e n c e s  in  the average num­
ber o f  o v u la tio n  p o in ts  o f donors between methods and among 
p eriod  o f  recovery were not s i g n i f i c a n t .
Average number o f  embryos recovered  from donors did  
not d i f f e r  s ig n i f ic a n t ly  among p er iod s w ith in  methods of 
reco v ery , but th e d iffe r e n c e  between methods was h igh ly  
s ig n if ic a n t  (P -< 0 .0 1 ) . An average o f 1 1 .0  embryos were r e ­
covered from donors in  th e s u r g ic a l  method, compared to
1 4 ,9  from th ose  in  th e s la u g h ter  method. Recovery was 7 0 .0  
and 9 3 .9  per cen t fo r  s u r g ic a l and s la u g h te r  methods, 
r e s p e c t iv e ly .
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D iffe ren ce  in  c leavage ra te  between tw o -c e ll  
embryos cu ltu r ed  in  v it r o  in  p h y s io lo g ic  sa lin e -seru m  and 
th ose  in  p hosphate-buffered  sa lin e -seru m  was not s ig n i f i c a n t .  
Both tr a n sp la n ts  o f embryos cu ltu red  in  th e two media r e ­
s u lte d  in  some b ir th s .
Three o f  36 r e c ip ie n t s  o f  24-hour o ld  embryos r e ­
covered by su r g ic a l and s la u g h ter  methods and frozen  in  
PS-S and PBS-S w ith  each o f  th e th ree  cryogen ic  treatm ents  
gave b ir th  to  a t o t a l  o f  e ig h t  o f f s p r in g . F ive o f  them were 
from tra n sp la n ts  o f embryos recovered  s u r g ic a l ly  and frozen  
in  PS-S-G and th e  o th er  th ree  from th o se  frozen  in  PBS-S-G. 
One o f 36 r e c ip ie n t s  o f  48-hour o ld  embryos frozen  in  12 
d if fe r e n t  recovery m ethod-m edia-cryogenic treatm ent combina­
t io n s  produced two o f fs p r in g . Each o f  them was from tr a n s ­
p lan t o f  frozen  embryos in  th e su rg ica l-P S -S -G  and s u r g ic a l-  
PBS-S-G treatm ent com b ination s. T ransplants in v o lv in g  em­
bryos recovered  by s la u g h te r  method and frozen  w ith  DMSO 
did  not r e s u lt  in  any b ir th s .
Based on e x te n s iv e  review  o f l i t e r a t u r e  and on the  
r e s u lt s  obtained  under the p r e v a ilin g  co n d itio n s  o f  t h is  
resea rch , the fo llo w in g  co n c lu s io n s  appear to  be j u s t i f i e d .
1 . Methods o f  recovery a f f e c t  the number o f  em­
bryos recovered . More embryos and a h igher percentage o f  
recovery were ob ta in ed  by th e s la u g h ter  method than by 
s u r g ic a l .
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2 . Periods o f  recovery  do not a f f e c t  number o f  
embryos recovered . I t  i s  p re fer a b le  to  recover 96-hour o ld  
embryos. They are found in  the u teru s at t h i s  s ta g e  and 
are r e l a t i v e l y  easy  t o  c o l l e c t  or tra n sp la n t  them by su r ­
g i c a l  method.
3. P h y s io lo g ic  sa lin e -seru m  and phosphate-buffered  
sa lin e -seru m  are capable o f  m aintain ing v i a b i l i t y  o f  embryos 
in  v i t r o  c u ltu r e ,  but more s tu d ie s  are necessary  to  c l e a r ly  
e s t a b l i s h  t h e ir  u se fu ln e ss  in  f r e e z in g  and storage  o f  em­
bryos in  the frozen  s t a t e .
4 . Further research  i s  a ls o  needed to  e s t a b l i s h  
optimum l e v e l  and e q u i l ib r a t io n  time fo r  cryogenic agents  
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